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SUMMARY OF FINDINGS 
A previous report described the design and evaluation 
of eight Ramp Inforn~ation signs providing dynamic information 
on ramp congestion in the northbound direction of the 
* 
John C. Lodge Freeway, Detroit, Michigan (26). These 
signs indicated whether or not a metered ramp should be 
entered depending on the level of Freeway or ramp congestion 
and traffic was directed to a parallel surface street 
route. The percentage passing a dynamic sign was found 
to be less than 10% for three of the eight ramps. 
In this research a further set of 19 variable signs 
was designed and erected on the cross streets of an 
Alternate Route Network. This was expected to result 
in sufficient motori,st diversion to reduce ramp congest:ion. 
The additional signs directed motorists along a network 
of surface streets. Thus almost every motorist approaching 
the Freeway passed a dynamic sign which indicated the 
appropriate path to the Freeway. The use of more than 
one parallel route also provided the option of directing 
as much traffic as possible to the least congested route. 
The aims of this particular project task were: 
a. To design suitable signs to divert traffic 
over a dyna,mic pattern of routes; 
* 
Numbers refer to references at the end of Part One of 
this report. 
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b. To determine suitable logic and hardware to 
operate these signs from the Control Center; 
c. To devise tests to measure the effectiveness 
of the signs in diverting traffic; and, 
d. To evaluate the effectiveness of the signs. 
The equipment available for operation of the signs 
and metered ramp signals included 
a. An IBM 1800 digital computer with an input and 
output interface for field communication 
located at the Control Center; 
b. Leased telephone cable and lines for communication 
with the field equipment; 
c. 55 vehicle presence detectors located at 9 
locations along the northbound Freeway, on all 
9 entrance ramps, including an additional 
detector on seven of the ramps; 
d. Eight entrance ramp metering signals; and, 
e. Eight ramp information signs. 
Equipment installed for this particular task included 19 
variable signs and 15 surface street detectors together 
with the necessary leased telephone lines for communication. 
SIGN FEATURES 
A variable message sign was erected above the west- 
bound West Grand Boulevard traffic approaching Second 
Avenue. Seven possible messages were specified. Four 
pointed straight along West Grand Boulevard for access to 
xvi 
West Grand Boulevard or later ramps. The remainder 
indicated Second Avenue and then access to the Freeway via 
Seward, Chicago, or Webb. The sign arrows (when on) were 
in green neon on a white background. The static messagre 
"NORTHBOUND LODGE FREEWAY" was painted in white on a green 
background, and the variable messages (when on) were in 
red neon on a white background. 
A large blank-out sign was erected for the benefit of 
westbound Davison Expressway traffic. The purpose of this 
sign was to divert to Twelfth Street traffic from the 
entrance to the northbound Lodge Freeway. The static 
message "LODGE FREEWAY NORTH" and two arrows were painted 
in white on a green background with the diversion message 
"DELAY - AVOID RAMP USE 12TH ST" in clear neon tubes on 
a green background. When this message was activated the 
neon glowed red. Thus in the off-state, this blank-out 
sign appeared as a simple guide sign. Another small 
blank-out sign was erected on Chicago Boulevard at the 
Freeway to divert eastbound traffic from the Freeway to 
Hamilton Avenue when warranted. 
Finally 16 trailblazer signs were erected at other 
choice or decision points in the network. Each sign 
consisted of the static legend "NORTHBOUND LODGE FREEWAY" 
and two arrows, only one of which was visible at any time. 
The legend was green and the arrows (when on) showed green. 
xvii 
There was a white background to the whole sign. Four 
different designs were used, depending on the possible 
turning movement and the width of the street. 
Four tests were devised to measure the effectiveness 
of the signs in diverting traffic. The first test measured 
visibility in which the farthest distance that the 
illuminated trailblazer arrow could be seen was determined. 
In the second test unfamiliar subjects were asked to drive 
on selected streets in the network and to follow any 
variable sign they passed. The two tests revealed defects 
in sign design and placement. Of particular interest was 
that the signs with longer messages or more complex design 
were frequently misread or misunderstood, 
The third test to measure the effectiveness of the 
signs consisted of counting the vehicles taking each 
specified path from choice points for different states 
of the signs. It was found that there was a positive response 
averaging 2.5% and ranging up to eight percent. The 
response was greater during peak periods and on streets 
with sharper peak flows. 
Finally the overall total travel time was estimated 
on the Freeway and surface streets for selected before and 
after days. A reduction of about 300 vehicle hours on the 
Freeway was measured. An increase in travel time on the 
surface streets was expected and a total of at least 100 
xviii 
addi t ional  vehicle  hours was accounted fo r  on a fractioln of the 
l i n k s .  I t  seems reasonable, however, t o  conclude t h a t  
there  was a small reduction i n  corr idor  t o t a l  t r a v e l  time 






INTRODUCTION AND RESEARCH APPROACH 
- 
INTRODUCTION 
Among the ways of influencing transportation demand 
other than changed basic human behavior, changed land use 
relationships and more extensive transportation systems, 
improved utilization of existing facilities can be obtained 
by redistributing the demand for travel in space, time, or 
both. Redistribution of demand in time would require that 
other human activities be rescheduled and while there has 
been some consideration given to staggered hours where 
there is a substantial opportunity to increase the effective- 
ness of use of facilities, little attention has been given 
to redistributing the demand for transportation in space 
and allocating users to routes other than those that 
they are currently using. 
Beckmann, in his pioneering study, indicated that 
freedom of choice is a service on which the motorist 
* 
places a value (2). He listed four of these freedoms, 
the freedom of choice of destination, time of departure, 
route traveled, and speed followed. If a motorist yields 
one or more of these freedoms it should only be because 
* 
Numbers refer to references at the end of Part One 
of this report. 
better service is provided all users of the system as a 
consequence. Freedom of choice of speed has already been 
taken from the motorist primarily for safety purposes. It 
is reasonable to believe that the motorist may similarly 
be prepared to yield his route choice freedom, particularly 
if there is little disutility associated with this action. 
Observation of peak flows in freeway corridors indicates 
that while the freeway facilities themselves 
may be extremely overloaded and provide a low level of 
service, often there is only a low utilization of parallel 
streets providing bet-ter travel-time service. If some of 
the freeway traffic could be induced to use part of the 
unused capacity on the arterial system a higher overall 
level of peak period service should be achievable for all 
users. 
This leaves the problem of routing traffic to a 
better advantage (here considered to be measured by travel 
time divided by miles traveled). Particularly, one is 
concerned with diverting a small amount of traffic from 
a popular freeway to surface streets, so that the freeway 
does not congest. There are three general methods of 
attack available for this routing problem: 
1. Controlling the rate at which traffic is 
allowed to enter the freeway by traffic 
signals on the ramp system (ramp metering). 
2. providing alternate routes to the freeway on 
which the travel time is almost as good as that 
on the freeway, and relying on drivers to 
discover and use these routes. 
3 .  Providing alternate routes with equivalent service 
as in 2 and providing drivers with information 
on which routing is currently least congested, 
The ramp metering approach has been used in several 
communities. The general method of this approach is that 
of unnatural delay. By metering traffic on the ramps, a 
queue is formed and arriving traffic is delayed. Thus, 
rather than providing an equivalent route operating at 
freeway speeds (about 35 miles per hour at optimal velocity) 
the travel time over the freeway route is increased until 
some drivers find that surface routes provide better 
service. This particularly serves to divert traffic which 
would be using the freeway for only short distances. 
Because it is this traffic that is diverted it is necessary 
to control the on-ramps throughout the areas in which 
congestion develops due to overloads. Ramp metering 
also actually increases the capacity of the through freeway 
by reducing the frequency of merge operations and the 
associated turbulence. The second and third approaches, 
if drivers can be lnduced to use alternate routes, offer 
more promise than the first, since the induced queuing 
delay at the rdmps is not present and thus travel times 
can be lower. The diversion is more natural, in that it 
does not require artificial delays to be introduced. It 
does require unused surface street capacity, and the ability 
to provide good surface street service. The third approach 
is more promising than the second since it would provide 
appropriate routing even as the alternate surface routes 
approached capacity, where the second method would always 
have congestion at lower traffic volumes because of the 
probabilistic nature of the route decision and thus of the 
traffic volume on each route. 
Potts has explored the interaction among drivers who 
individually select routes from among a set in which the 
trip time is the minimum that each could select (25). 
Those drivers who select minimum time routes are classed 
as selfish and those who select routes such that the 
average journey time is not minimized are classed as 
antisocial. In a road network with uncapacitated roads the 
selfish driver is also a social driver. However, when the 
road sections are capacitated and travel times change with 
flow the selfish driver is not a social driver. 
The general effect of ramp metering systems is to 
increase the travel time for those users for whom the 
improved travel time on their freeway trip does not equal 
the additional time spent waiting in the metered ramp 
queue. It will be to the advantage of all if this traffic 
can be induced to use an alternate route, if the alternate 
route using the surface street network can provide a 
sufficiently high level of service to attract these users 
as an alternate to the freeway. Also, variations in 
demand at metered ramps can make entry at a downstream 
ramp more attractive to the individual motorist. 
It is clear that the key issue under consideration 
is that of route selection by the motorist in the Corridor. 
If these benefits are to be achieved with individual 
drivers being permitted to continue to make their own 
route choices it is believed necessary that each motorist 
be provided with information valid for him which will 
indicate the level of service which he can receive froin 
the system if he does select an alternate route. In 
recent years there has been a great deal of interest 
throughout the world in the need for an information 
system which could provide the highway user with real 
time or pseudo real time information on the operational 
status of alternate routes available to him but he 
16, 19, 24). 
If the motorist selects a heavily congested route 
his trip takes longer than necessary and also increases 
the inefficiency of system performance. There may well 
be better alternative routes available to him but he 
seldom has sufficient information on which to base an 
intelligent choice. Even though the corridor streets may 
have sufficient total capacity, it is to be expected that 
congestion will result on some arteries if drivers diverted 
from the freeway are required to select their own alternate 
routes. The individual motorist has little information 
available to him on alternate routes and their state of 
congestion. Furthermore, the typical motorist rarely 
examines all feasible alternatives, and his judgement is 
likely to be subjective and based on erroneous estimates 
of travel time and distance. For instance, early users 
of Detroit freeways were found to be more often wrong 
than right when questioned regarding the relative travel 
time and distance on alternate routes. 
More efficient utilization of available corridor 
capacity can be achieved by developing a sensing system 
capable of indicating current levels of service and a 
computational ability to evaluate possible routes in real 
time and providing information to drivers indicating which 
alternate route is currently least congested. If the 
driving public is to be expected to act on such advice, it 
is essential that recommended alternate routes provide 
travel times which are comparable to those on the freeway. 
Thus, the satisfactory operation of any driver information 
system designed to distribute traffic over alternate routes 
requires that service on such alternate routes be upgraded 
as much as possible by means of coordinated traffic control 
and minor geometric improvements, as well as by enforcement 
of traffic regulaticns. 
In order to achieve optimal flow in a network where the 
users select their routes voluntarily it is believed that 
the number of motorists who can be diverted is needed for 
application desired. It is also believed that this number 
will generally be only a fraction of those using the network. 
This fraction can be "controlled" exogenously by the responses 
of the motorists to the system since many will choose not 
to follow the suggestion for personal reasons, The 
fraction will be controlled within the system by displaying 
the information to a selected set of motorists, probably 
one or two of several approaches in a spatial context 
or only part of the time if temporal communication is to 
be used. 
There is a strong belief by other investigators that 
the prime benefits of a surface street information system 
are likely to be realized only under unusual circumstanc:es 
such as major accidents, fires etc. 
THE SITE 
Careful study was given to the area served by Detroit's 
John C.  Lodge Freeway and nearby streets. The criteria 
used in the selection of the corridor to be studied included 
the availability of unused capacity on the surface street 
routes, street orientation and continuity considered 
acceptable to motorists, and likelihood of accomplishment 
with the time and funds available. Because of these 
constraints and a desire to communicate with large numbers 
of drivers using the freeway, it became apparent that 
studying the northbound movement on the freeway would make 
it possible to communicate with drivers with origins at 
prime traffic generators. Afternoon peak period studies 
would give access to this group as they returned home 
and provide an opportunity to experiment with the longer 
and more severe daily peak period. 
A study of alternate routes showed that there are 
several facilities which provided potentially attractive 
alternate routes to the freeway for longer trips. The 
major north-south traffic corridor in the city of Detroit 
is the Woodward Avenue, or John C. Lodge Expressway, 
Corridor. The Lodge Expressway, originating at the Detroit 
River in the Central Business District, proceeds approximately 
1 3  miles northwesterly to Eight Mile Road, the northern 
boundary of Detroit, and beyond into well established 
suburban a r e a s .  Although t h e r e  i s  no s i n g l e  s t ree t  which 
p a r a l l e l s  i t ,  t h e  freeway i s  p a r t i a l l y  suppor t ed  by i t s  
s e r v i c e  d r i v e s ,  t h e  newly completed Wal te r  P.  C h r y s l e r  
Freeway, Hamilton Avenue, t h e  one-way s t reets  of  Second, 
T h i r d ,  John R . ,  Brush,  Twe l f th ,  and F o u r t e e n t h ,  t h e  
major two-way a r t e r y ,  Woodward Avenue, a s  w e l l  a s  such 
minor a r t e r i e s  a s  F e n k e l l  and P u r i t a n .  The c o r r i d o r  must 
be t aken  t o  i n c l u d e  a l l  t h e s e  roads  and t h e i r  n a t u r a l  
e x t e n s i o n s .  I t  i n c l u d e s  much of  t h e  c i t y  of  Highland 
P a r k ,  i n  a d d i t i o n  t o  l a r g e  a r e a s  o f  D e t r o i t .  
The p resence  of t h e  o l d  Davison Expressway i n  t h e  
C o r r i d o r  c r e a t e d  an i n t e r e s t i n g  c h a l l e n g e  i n  t h i s  s t u d y .  
I t  provided  an o p p o r t u n i t y  t o  e x p l o r e  d i v e r s i o n  from a  
freeway t o  a  major  s t r ee t  and back t o  t h e  i n t e r c h a n g i n g  
freeway r a t h e r  t h a n  us ing  t h e  connec t ing  ramp d i r e c t l y .  
Railway g rade  c r o s s i n g s  blocked by f r e q u e n t  s w i t c h i n g  
o p e r a t i o n s  of  v a r i a b l e  d u r a t i o n  c r e a t e d  an unusual  d e l a y  
a f f e c t i n g  e lement  t o  t h i s  s t u d y .  A l i m i t e d  se t  o f  
d e t e c t o r s  were added t o  t h e  Freeway C o r r i d o r  and used t o  
p rov ide  i n f o r m a t i o n  on t r a f f i c  f low n e c e s s a r y  f o r  t h e  
o p e r a t i o n  of  a  d i s p l a y  system. Dynamic d i s p l a y s  capab le  
of  p r o v i d i n g  t i m e l y  r o u t e  guidance  a d v i c e  were des igned  
and i n s t a l l e d .  
Courage concluded t h a t  i t  was of  t h e  uptmost  importance 
t h a t  an a l t e r n a t e  r o u t e  be  e s t a b l i s h e d  th roughou t  t h e  
corridor since the peak demand on the freeway was known to 
exceed the capacity on all sections from the Edsel Ford 
Interchange north to Wyoming Avenue, a distance of more than 
six miles (7). 
He recommended the installation of changeable message 
signs at critical decision points in advance of the 
alternate route on those streets connecting with the 
freeway , 
A number of traffic engineering improvements were 
made with the cooperation of the Department of Streets 
and Traffic of the City of Detroit. These improvements 
have been described elsewhere (26). 
BASIC APPROACH 
Moskowitz recommended an experiment in rerouting 
and informing drivers of optimal routine (24). He believed 
that problems associated with such a system are familiarity 
with route, unfamiliarity with the travel time on the 
alternate route, the possibility of too much diversion 
and the possibility that the information provided to the 
motorists would not be timely and relevant to their 
needs. 
Heathington structured a systems model of a freeway 
driver information system in which he attempted to define 
all. elements of the transportation system in a way that 
will assist in the voluntary route choice problem (17) . He 
described several characteristics for which criteria ciln 
be established to insure maximum efficiency of such a 
system. These included: 
1. Sufficient computing and communication capacity 
to respond to the demands made upon it by users 
2. The quality of information should be at the 
level and in the form required by the user 
3. The informa,tion must be provided in a timely 
fashion 
4. The system must be flexible to respond to 
changed user requirements 
5. The system must have a degree of reliability i n  
operating within established performance levels 
a satisfactory fraction of the time 
6. The system should be economical within a cost- 
effectiveness framework. 
Each of the elements received attention in this 
undertaking to the maximum extent possible. 
Traffic engineers have observed that the motorist 
does not always respond to traffic signs as desired. 
It is possible to attribute this to one or more of three 
elements, not seeing the sign, seeing but not understanding 
it, or understanding it but believing that the information 
is of no value to him personally. Thus, for a real 
time freeway information system to effect appropriate 
driver response, it must be designed to provide the driver 
with information which is meaningful, accurate, timely 
and useful. This study provided the motoring public with 
an opportunity to play a major role in affecting future 
real time freeway information system designs. 
In a complete Freeway Corridor Dynamic Information 
and Control System (FCDICS) all travellers in the Corridor 
would receive relevant information. In this study, the 
information transmission capabilities existed (changeable 
message signs) but resources were not adequate to support 
a system providinq information for all users. Hence, a 
decision was made to provide information for only one 
destination, those travelling on the northbound Lodge 
Freeway well beyond Wyoming Road. It was recognized that 
there would be motorists in the Corridor who desired to 
use the Freeway, but not that far, and that the information 
provided them would be erroneous. Fortunately this group 
is less than 10% of those entering in the six-mile section 
( 2 6 ) .  
Providing a system in which displays are visible to 
a11 drivers in the corridor who would be sharing the 
downstream freeway destination would be extremely expensive. 
On the other hand, it was important to define a complex 
network so that the results of the study would be useful 
in more than the simplest cases. 
As a part of the display system developed for this 
study, consideration was given to various possibilities in 
the hope that differential responses to the different 
types of displays could be identified and would be useful 
in final designs. Among the displays used were: 
1. A simple binary display using an arrow indicating 
which of two directions should be used; 
2. Map type presentations giving information on 
which ramp to use 
a. Showing two ramps 
b. Showing three ramps; 
3 .  A complex verbal display including the term 
"delay" and providing information on more than 
one decision point. 
The strategy adopted in carrying out the Freeway 
Corridor Dynamic Information and Control System experiment 
was to implement logical parts of the system and observe 
the results. Phase one of the experiment involved providing 
a single Principal Alternate Route for the entire six 
miles of the Freeway. The results of phase one are 
described in a separate report ( 2 6 ) .  Phase two involved 
providing a more extensive network which in general could 
be described as consisting of a second alternate route 
with six or more cross linkages. The resulting 
system is called the Alternate Network. A third phase 
will consist of implementing real time traffic control on 
many of t h e  t r a f f i c  s i g n a l s  i n  t h e  A l t e r n a t e  Network. The 
r e s u l t s  of t h i s  1970 s tudy  w i l l  be r e p o r t e d  i n  a n o t h e r  
r e p o r t .  
THE PRINCIPAL ALTERNATE ROUTE 
Eight  ramp condi t ion  information s igns  s i m i l a r  t o  t h e  
one shown i n  Figure  1 and i d e n t i f y i n g  a p r i n c i p a l  a l t e r -  
na t e  r o u t e  t o  t h e  Freeway were placed i n  opera t ion  i n  t h e  
northbound John C. Lodge Freeway Corridor shown i n  Figure 
2 i n  mid 1969. Each s i g n  provided information f o r  a  metered 
on-ramp. The design,  ope ra t ion  and eva lua t ion  of t h a t  
d i s p l a y  system a r e  descr ibed i n  d e t a i l  i n  Evaluation of a  -
Dynamic Freeway Ramp Entry Guidance System (26) . Three 
of t h e  s i g n  loca t ions  were on t h e  Lodge Service  Drive which 
i s  ad j acen t  t o  t h e  Freeway from West Grand Boulevard t o  
Chicago Boulevard. The f i v e  o the r  s igns  were loca ted  on 
t h e  P r i n c i p a l  A l t e rna t e  Route which follows seve ra l  a r t e r i a l  
s t r e e t s  p a r a l l e l  t o  t h e  Freeway. To reach t h e  Freeway from 
these  f i v e  s i g n  s i t e s  on t h e  a l t e r n a t e  rou te ,  a  t u r n  must 
f i r s t  be made a t  t h e  appropr ia te  c ros s  s t r e e t  and from one 
t o  s e v e r a l  blocks t r ave l ed  on t h e  c ros s  s t r e e t .  
A t  f i v e  of t he  e i g h t  en t rance  ramps it was poss ib l e  
t o  approach and e n t e r  t h e  Freeway without  pass ing t h e  
appropr ia te  information s ign ,  s i n c e  the  s igns  provided 
informat ion p a r t i c u l a r l y  f o r  those  on t h e  p r i n c i p a l  a l t e r n a t e  
route .  Since much of t h e  t r a f f i c  en te r ing  the  Freeway a t  
these  ramps was a l ready on the  c ross  s t r e e t s ,  t h i s  placed 
a l i m i t  on t he  e f f ec t iveness  of these  s igns .  The percent  
of undiverted t r a f f i c  en t e r ing  a t  each ramp passing t h e  
s ign  was obtained through a l i cense  p l a t e  study and i s  
shown i n  Table 1 ( 2 6 ) .  The small  f r a c t i o n  of ramp users  
passing these  s igns  a t  t h e  f i v e  ramps from Chicago Boulevard 
t o  Livernois Avenue i s  apparent.  Hence, i f  a s ign  d i sp lay  
ind ica ted  t h a t  i t s  ramp should not be entered,  the  reduct ion 
i n  en te r ing  volumes could not  exceed t h e  value shown i n  
Table 1. I n  p r a c t i c e ,  t h e  reduct ions  were found t o  be 
considerably smal ler  because many motor i s t s  passing s igns  
d id  not  fol low the  recommended rou te  t o  t h e  Freeway. 
The study of t h e  ramp information s igns  ind ica ted  t h a t  
t he re  was an o v e r a l l  saving i n  t o t a l  t r a v e l  time of 
approximately 200 veh ic le  hours f o r  every afternoon peak 
period of operation.  It  seems c l e a r  t h a t  i f  more motor i s t s  
passed t h e  s igns ,  thus having an opportunity t o  s ee  and 
obey them, t h e  savings would be even g rea t e r .  The Freeway 
c ross  s t r e e t s  would be t he  g r e a t e s t  source of add i t i ona l  
t r a f f i c  which might be d iver ted  from the  Freeway t o  a 
sur face  s t r e e t  a l t e r n a t e  route .  
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NORTHBOUND J O H N  C. LODGE FREEWAY CORRIDOR 
SHOWING ALTERNATE ROUTE AND LOCATION 
OF RAMP C O N D I T I O N  INFOWTIQN SIGNS 
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There a r e  two impor tan t  c o n s i d e r a t i o n s  a s s o c i a t e d  w i t h  
t h e  s e l e c t i o n  of t h e  p o i n t  of d i v e r s i o n  of t r a f f i c  approach- 
i n g  t h e  Freeway. 
1. I f  the d i v e r s i o n  t a k e s  p l a c e  b e f o r e  t h e  c r o s s  
s t r e e t  t r a f f i c  r eaches  t h e  Freeway, a d d i t i o n a l  t r a f f i c  
genera ted  a t  t r a f f i c  g e n e r a t o r s  between t h e  P r i n c i p a l  
Route and t h e  Freeway w i l l  n o t  have an oppor tun i ty  t o  d i v e r t  
a s  shown i n  F igure  3. 
2. If t h e  d i v e r s i o n  t a k e s  p l a c e  where t h e  c r o s s  
street t r a f f i c  r eaches  t h e  Freeway ramp e n t r a n c e ,  t h e  
d i v e r t e d  t r a f f i c  may have t o  t r a v e l  a  longer  d i s t a n c e  t o  
e n t e r  t h e  Freeway a s  shown by t h e  l i n k e d  x l i n e s  i n  
F igure  3.  
S ince  t h e s e  d i v e r s i o n  cho ice  p o i n t  c r i t e r i a  oppose 
each o t h e r ,  a  compromise might be necessary  t o  maximize t h e  
number of m o t o r i s t s  p a s s i n g  a  s i g n .  There a r e ,  however, 
few l a r g e  t r a f f i c  g e n e r a t o r s  between t h e  P r i n c i p a l  A l t e r n a t e  
Route and t h e  Freeway f o r  any of t h e  f i v e  c r o s s  streets 
(Chicago, Webb, Davison, Linwood and L i v e r n o i s )  a t  which 
t h i s  problem e x i s t s .  On each of t h e s e  s t r e e t s  excep t  
Davison Expressway, northbound t r a f f i c  approaches t h e  Free- 
way from e i t h e r  d i r e c t i o n .  Thus, i f  e a r l y  d i v e r s i o n  i s  t o  
be  employed, a second a l t e r n a t e  r o u t e  on t h e  western  s i d e  
of t h e  Freeway i s  necessary .  I n  a l l  c a s e s  excep t  Chicago 
Boulevard, a  s u i t a b l e  second a l t e r n a t e  r o u t e  e x i s t e d  and 
a t  Chicago t h e  e x t r a  d i s t a n c e  was minimal. 
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FIGURE 3 
EXAMPLE OF CROSS STREET TRAFFIC ROUTING 
The P r i n c i p a l  A l t e r n a t e  Route, l i k e  t h e  Freeway, tends  
t o  become congested d u r i n g  t h e  a f t e rnoon  peak per iod .  
Furthermore, any a d d i t i o n a l  d i v e r s i o n  from t h e  Freeway may 
i n c r e a s e  t h e  conges t ion ,  t h u s  i n c r e a s i n g  t r a v e l  time on 
t h e  a l t e r n a t e  r o u t e .  
There a r e  two major p o i n t s  of conges t ion  on t h e  
P r i n c i p a l  A l t e r n a t e  Route. The f i r s t  p o i n t  i s  a t  t h e  
sou the rn  end of t h e  Cor r idor  a t  t h e  West Grand Boulevard 
ramp where t r a f f i c  from t h a t  s t r e e t  and t r a f f i c  l e a v i n g  
nearby pa rk ing  a r e a s  s e r v i n g  t h e  New Center  complex t ends  
t o  b u i l d  up a t  t h e  i n t e r s e c t i o n  of  t h e  Lodge S e r v i c e  Drive 
and West Grand Boulevard. I n  a d d i t i o n ,  t h e  bulk  s e r v i c e  
meter ing  s t r a t e g y  (more than  one v e h i c l e  p e r  g reen  c y c l e )  
used a t  t h i s  ramp r e q u i r e s  on ly  a s h o r t  w a i t i n g  time f o r  
v e h i c l e s  well back i n  t h e  queue, and s o  t h e  ramp tends  t o  
a t t r a c t  much t r a f f i c  ( 6 ) .  Congestion occurs  on ly  occasion-  
a l l y  a t  t h e  second p o i n t  of  conges t ion ,  Twelf th S t r e e t  above 
Oakman, when t h e  r a i l r o a d  grade  c r o s s i n g  b a r r i e r s  c r o s s i n g  
Twelf th S t r e e t  c l o s e  d u r i n g  t h e  peak pe r iod .  However, t h e  
r e s u l t  i s  o f t e n  a  long pe r iod  of  c l o s u r e .  Elsewhere, t h e  
P r i n c i p a l  A l t e r n a t e  Route u s u a l l y  p rov ides  a  good l e v e l  of  
s e r v i c e  u n l e s s  t h e r e  a r e  numerous i l l e g a l l y - p a r k e d  c a r s .  
This  can be  a  c r i t i c a l  f a c t o r ,  e s p e c i a l l y  on Fenke l l  Avenue, 
a s  it has on ly  two westbound through l a n e s .  
I n  t h i s  i n v e s t i g a t i o n  an a d d i t i o n a l  support ing network 
of a l t e r n a t e  rou te s  t o  t he  northbound Freeway was developed. 
The p a r t i c u l a r  s t r e e t s  were chosen t o  provide s u i t a b l e  
rou te s  f o r  d ive r t ed  c ros s  s t r e e t  t r a f f i c  and t o  provide 
more than one a l t e r n a t i v e  s o  t h a t  t he  use  of t he  rou te  wi th  
t he  cu r r en t  minimum t r a v e l  time could be encouraged. The 
aims of t h i s  project: t a s k  were, t he re fo re ,  t o  design s u i t a b l e  
s igns  t o  d i v e r t  t r a f f i c  t o  t h i s  p a t t e r n  of a l t e r n a t e  rou te s ,  
determine s u i t a b l e  l o g i c  and equipment t o  opera te  these  
s igns ,  and t o  conduct t e s t s  t o  measure t h e  e f f ec t iveness  of 
t h e  s igns  i n  d i v e r t i n g  t r a f f i c  and t o  eva lua te  t h e  effec-  
t i venes s  of t he  system. 
THE ALTERNATE ROUTE NETWORK 
F i g u r e  4 p r e s e n t s  a  node-l ink diagram o f  t h e  a l t e r -  
n a t e  r o u t e  network s e l e c t e d  f o r  implementat ion.  The 
P r i n c i p a l  A l t e r n a t e  Route i s  i d e n t i f i e d  by t h e  f o l l o w i n g  
l i n k s :  2-5, 5-8, 8-11, 11-15, 15-18, 18-19, 19-20, 20-21, 
21-23, 23-25, 25-31, and 31-32. From t h i s  r o u t e  t h e  
Freeway i s  reached  by l i n k s  2-3, 5-6, 8-10, 9-10, 11-13, 
12-13, 15-14 and 14-16, 21-22, 28-22, 23-24, 29-30 and 
25-26. 
It  i s  assumed t h a t  a l l  t r a f f i c  o r i g i n a t e s  a t  nodes and 
t h a t  no t r a f f i c  o r i g i n a t e s  a t  t h e  Freeway nodes ( 3 ,  6 ,  10 ,  
13 ,  16 ,  2 2 ,  2 4 ,  30 and 2 6 ) .  The system was des igned  s o  
t h a t  t h e  c r o s s  s t r ee t  t r a f f i c  t o  be d i v e r t e d  t h a t  does  n o t  
p a s s  a  P r i n c i p a l  A l t e r n a t e  Route ramp i n f o r m a t i o n  s i g n  can 
be d i v e r t e d  by means of  a d d i t i o n a l  s i g n s .  
The a d d i t i o n a l  a l t e r n a t e  r o u t e s  were s e l e c t e d  t o  d i v e r t  
t r a f f i c  b e f o r e  i t  approached t h e  P r i n c i p a l  A l t e r n a t e  Route 
when it became conges ted  and a r e :  
1. Second Avenue from West Grand Boulevard t o  Webb 
Avenue and w e s t e r l y  a long  Webb Avenue t o  
Hamilton Avenue ( l i n k s  1 - 4 ,  4-7, and 7-11).  The 
connec t ing  l i n k s  f o r  t h i s  r o u t e  a r e  1-2, 4-5, 
7-8, 11-13 and 1 1 - 1 4 .  I n  t h i s  s e c t i o n ,  Second 
Avenue i s  a  one-way, f i v e - l a n e  s t r e e t  i n  t h e  
F I G U R E  4 
NODE L I N K  DIAGRAM O F  ALTERNATE 
ROUTE NETWORK 
C i t y  of D e t r o i t  and u s u a l l y  p rov ides  a  good 
l e v e l  of s e r v i c e .  This  r o u t e  i s  used when t h e  
Lodge S e r v i c e  Drive o r  t h e  s o u t h e r n  p a r t  of  
Hamilton Avenue i s  congested.  North of  Webb 
Avenue, Second Avenue i s  i n  t h e  C i t y  of Highland 
Park,  where i t  i s  narrower and n o t  deemed 
s u i t a b l e  f o r  a n  a l t e r n a t e  r o u t e .  
2 .  Hamilton Avenue and P u r i t a n  Avenue from Oakman 
Boulevard t o  Couzens Drive (18-27, 27-28, 28-29, 
and 29-31). I n  t h e  e v e n t  t h a t  Fenke l l  Avenue i s  
conges ted ,  and e s p e c i a l l y  when t h e  Linwood and 
L ive rno i s  ramps a r e  conges ted ,  t h i s  r o u t e  can  
be  q u i c k e r  than  t h e  P r i n c i p a l  A l t e r n a t e  Route. 
S ince  t h e r e  i s  a l s o  a  r a i l r o a d  g rade  c r o s s i n g  on 
Hamilton between Oakman and P u r i t a n ,  t h i s  r o u t e  
can only  be  used when t h e  grade  c r o s s i n g  i s  n o t  i n  
use. P u r i t a n  Avenue i s  approximately t h e  same 
width  a s  Fenke l l  w i t h  two c l e a r  l a n e s  i n  peak 
p e r i o d s .  Because l e f t  t u r n s  a r e  n o t  pe rmi t t ed  
from P u r i t a n  a t  Linwood, L ive rno i s  o r  Wyoming 
d u r i n g  peak p e r i o d s ,  t r a f f i c  proceeding n o r t h  on 
Hamilton can on ly  be r o u t e d  t o  Couzens Drive and 
beyond Wyoming Road t o  t h e  Freeway. 
3 .  ~ a r n i l t o n  Avenue and McNichols Road from Pur i t an  
Avenue t o  Couzens Drive (27-32). This i s  a  
v a r i a t i o n  of t h e  Pu r i t an  Avenue r o u t e  descr ibed 
above and i s  ind ica t ed  when it  provides a  quicker  
t r i p .  
4 .  Oakman Boulevard and Linwood Avenue from Twelfth 
S t r e e t  t o  Fenkel l  Avenue (19-20 and 2 0 - 2 1 ) .  This 
r o u t e  i s  on1.y used t o  bypass t h e  Twelfth S t r e e t  
r a i l r o a d  grade c ross ing  when the  b a r r i e r s  a r e  
c losed.  These c ross ings  a r e  o f t e n  used f o r  
switching movements very c lo se  t o  Twelfth S t r e e t ,  
thus  making Linwood Avenue a  v i a b l e  a l t e r n a t e  rou te .  
The prime purpose f o r  i d e n t i f y i n g  a d d i t i o n a l  a l t e r n a t e  
rou te s  was t o  provide Freeway condi t ion  information t o  a s  
many moto r i s t s  a s  poss ib le .  For t h e  network shown i n  Figure 
4 ,  t h e r e  a r e  1 9  nodes where a mo to r i s t  has a  choice  of 
rou te s  (choice p o i n t s ) .  These choice po in t s  a r e  loca ted  
a t  nodes 1, 2 ,  4 ,  5, 7 ,  8, 9 ,  11, 1 2 ,  1 4 ,  15,  18,  1 9 ,  2 1 ,  
23, 25, 27, 28 and 29.  There a r e  an a d d i t i o n a l  13 choice  
p o i n t s ,  bu t  t he se  a r e  e i t h e r  Freeway access  p o i n t s  ( 3 ,  6 ,  
1 0 ,  13, 16, 2 2 ,  2 4 ,  26 and 30) o r  t h e  junct ion of two 
a l t e r n a t e  rou te s  (17, 30, 31 and 3 2 ) .  Of t h e  1 9  nodes a t  
which t h e  mo to r i s t  i s  given a  choice of r o u t e s ,  t h e r e  a r e  
e i g h t  where northbound Lodge Freeway t r a f f i c  may approach 
from two d i r e c t i o n s  (1, 4 ,  7 ,  11, 1 2 ,  19, 2 1  and 2 3 ) .  A t  
t h e  remaining 11 nodes t h e r e  is  only one d i r e c t i o n  from 
which northbound Freeway t r a f f i c  can approach. Second 
Avenue a t  Chicago (node 7 )  was placed i n  t h i s  l a t t e r  cate-  
gory because it was expected t h a t  very l i t t l e  t r a f f i c  would 
approach t h i s  i n t e r s e c t i o n  from t h e  e a s t  wi th  t h e  i n t e n t i o n  
of us ing t h e  northbound Freeway. Table 2 shows t h e  l oca t ion  
of t h e  main dec i s ion  nodes f o r  c ros s  s t r e e t  t r a f f i c .  
I f  every reasonable  approach t o  a choice  po in t  t o  t h e  
Freeway i s  t o  have a s i g n  i n d i c a t i n g  a s u i t a b l e  r o u t e  t o  
t he  Freeway, a t o t a l  of 27 s igns  a r e  requi red ,  two a t  each 
of t he  e i g h t  two-approach nodes and one a t  each of t h e  11 
one-approach nodes. The e x i s t i n g  e i g h t  f ron tage  road in fo r -  
mation s igns  a l ready  ind ica t ed  which rou te  t o  t ake  f o r  
e i g h t  of t h e  nodes. Therefore,  an a d d i t i o n a l  1 9  s i g n s  were 
required.  The l o c a t i o n s  of t he se  27  s i gns  a r e  shown i n  
Figure  5. 
From each choice po in t  t h e r e  a r e  never more than two 
l o g i c a l  paths  f o r  a d r i v e r  t o  t ake  t o  t h e  northbound Lodge 
Freeway, The paths  may proceed s t r a i g h t  ahead o r  t u r n  l e f t  
o r  proceed s t r a i g h t  ahead o r  t u r n  r i g h t ,  a s  appropr ia te .  
There a r e  no o t h e r  l o g i c a l  combinations. Therefore,  a modi- 
f i e d  guide s i g n  wi th  two arrows, only one of which i s  
i l lumina ted  a t  any one t ime,  appeared t o  be a s u i t a b l e  design.  
Th i s  s i g n  i s  r e f e r r e d  t o  a s  a  railb blazer i n  t h i s  r e p o r t .  
TABLE 2 
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FIGURE 5 
LOCATIONS OF CORRIDOR DYNAMIC 
ROUTING INFORMATION SIGNS 
The legend "NORTHBOUND LODGE FREEWAY" was s e l e c t e d  t o  
accompany t h e  arrows. Other  legends  such a s  "TO FREEWAY 
NORTH," ')TO NORTHBOUND J O H N  C.  LODGE FREEWAYv o r  "LODGE 
FmEWAY NORTH," a l l ,  of  which are used on e x i s t i n g  s t andard  
gu ide  s i g n s ,  would have been e q u a l l y  a p p r o p r i a t e .  
For  16 of  t h e  1 9  approaches,  s i g n s  based on t h i s  
p r i n c i p l e  were designed and manufactured. For t h e  remaining 
t h r e e  approaches,  h.owever, i t  was be l i eved  a p p r o p r i a t e  t o  
d e s i g n  a d i f f e r e n t  type  of s i g n .  
From t h e  westbound West Grand Boulevard approach t o  
Second Avenue t h e r e  a r e  two network p a t h s  t o  t h e  Seward 
ramp, t h r e e  t o  t h e  Chicago ramp, f o u r  t o  t h e  Webb ramp and 
f o u r  t o  con t inue  on Hamilton n o r t h  of Webb. If t u r n i n g  
movements a r e  minimized, a  d e s i r a b l e  o b j e c t i v e ,  t h e r e  a r e  
s t i l l  two p a t h s  each t o  t h e  Seward, Chicago and Webb ramps 
and t o  Hamilton n o r t h  of Webb. Since  t h e  e x i s t i n g  i n f o r -  
mation s i g n s  on t h e  S e r v i c e  Drive a l l  can i n d i c a t e  s e v e r a l  
p a t h s ,  it seemed l o g i c a l  t o  d e s i g n  t h i s  s i g n  s o  t h a t  it a l s o  
i n d i c a t e d  s e v e r a l  p a t h s .  This  would have t h e  d e s i r a b l e  
e f f e c t  o f  informing m o t o r i s t s  of  t h e  e x t e n t  of ramp and 
Freeway conges t ion  by a d v i s i n g  them how f a r  they  would 
have t o  t r a v e l  on t h e  a l t e r n a t e  r o u t e  b e f o r e  e n t r a n c e  t o  
t h e  Freeway was recommended. They would then  be  prepared  
f o r  t h e  c o r r e c t  maneuvers a t  t h e  S e r v i c e  Drive as i n d i c a t e d  
by t h e  ramp informat ion  s i g n s  t h e r e ,  and some u s e r s  could  
dec ide  a t  t h i s  e a r l y  p o i n t  t o  use  t h e  S e r v i c e  Drive o r  
Second Avenue and n o t  e n t e r  t h e  Freeway a t  a l l .  
The p o s i t i o n  s e l e c t e d  f o r  t h i s  v a r i a b l e  message s i g n  
i s  very  c l o s e  t o  t h e  p o i n t  of g e n e r a t i o n  of  many of  t h e  
t r i p s  i n  t h e  Lodge Freeway Cor r idor .  There can be  cons ide rab le  
conges t ion  a t  t h e  West Grand Boulevard i n t e r s e c t i o n  wi th  t h e  
Lodge Serv ice  Drive. Therefore ,  a  s i g n  e a s t  o f  t h e  i n t e r -  
s e c t i o n ,  g i v i n g  f u l l  c o r r i d o r  informat ion ,  has  t h e  p o t e n t i a l  
t o  d i v e r t  many v e h i c l e s .  Thus, a  f u l l  message d e t a i l i n g  
t h e  suggested r o u t e  was provided m o t o r i s t s  a t  t h i s  p o i n t .  
To f u r t h e r  i n d i c a t e  t h e  c o r r e c t  maneuver from t h i s  
p o s i t i o n ,  a  s p e c i a l  des ign  was r e q u i r e d  f o r  t h e  s i g n  arrows. 
When Second Avenue i s  an  a p p r o p r i a t e  p a t h ,  an immediate 
r i g h t  t u r n  should  be i n d i c a t e d .  When t h e  S e r v i c e  Drive i s  
des igna ted  a s  t h e  l e a s t  congested r o u t e ,  d r i v e r s  should 
be asked t o  t a k e  t h e  t h i r d  road t o  t h e  r i g h t  p a s s i n g  Second 
and Third  Avenues. Thus t h e  arrow was des igned and con- 
s t r u c t e d  t o  convey two symbolic messages. 
The second s p e c i a l  s i g n  was r e q u i r e d  on t h e  westbound 
Davison Expressway approach t o  t h e  Lodge Freeway on-ramp. 
A s i g n  a t  t h i s  l o c a t i o n  would s e r v e  t h e  f u n c t i o n  of  d i v e r t i n g  
t r a f f i c  away from a . d i r e c t  e n t r a n c e  t o  t h e  Lodge Freeway. 
I t  d i d  no t  seem appropr i a t e  t o  i n d i c a t e  t h a t  t h e  Freeway 
could be reached by - no t  e n t e r i n g  v i a  t h e  designated on- 
ramp. Therefore,  t h e  message "DELAY: AVOID RAMP: USE 12TH 
ST" was s e l e c t e d  t o  d i v e r t  t r a f f i c .   his message was 
i l lumina ted  beneath t h e  s t a t i c  message "LODGE FREEWAY NORTH." 
The pa in ted  message "NORTHBOUND LODGE FREEWAY" was not  used 
on t h i s  s ign .  A s  "LODGE FREEWAY NORTH" is  c o n s i s t e n t  w i t h  
expressway guide s i g n  terminology, t h e  s h o r t e r  legend was 
chosen i n  an effort:  t o  cons t ruc t  t h e  most economical 
l e g i b l e  s ign .  Two s tandard guide s igns  were e r ec t ed  beyond 
t h i s  s i g n  t o  i n d i c a t e  t h e  r o u t e  t o  Twelfth S t r e e t .  
The eastbound Chicago Boulevard approach t o  t h e  Lodge 
Freeway on-ramp presented t h e  t h i r d  s i t e  which neces s i t a t ed  
a  unique s i g n  design.  A s  i n  t h e  case  of t h e  westbound 
Davison Expressway, mo to r i s t s  can be d ive r t ed  away from a 
d i r e c t  en t rance  t o  t h e  Freeway. The design and ope ra t ion  
of t h i s  s i g n  was s i m i l a r  t o  t h a t  of t h e  Davison s i g n  a s  i t  
was only i l lumina ted  when appropr ia te .  This message was 
placed below a  s tandard  guide s i g n  t o  t h e  Freeway ( see  
lower po r t i on  of Figure  1 0  on page 4 7  ) .  Since Hamilton 
Avenue i s  only a  few hundred f e e t  f a r t h e r  west ,  it was 
be l ieved  t h a t  t h e  s t r e e t  name s i g n  f o r  Hamilton would be 
s u f f i c i e n t  guidance a t  t he  i n t e r s e c t i o n  with  Chicago. 
Since  n o t  a l l  t r a f f i c  o r i g i n a t e d  a t  t h e  nodes, more 
than  100 s t a t i c  p a i n t e d  guide  s i g n s  were des igned,  s u p p l i e d  
and e r e c t e d  by t h e  C i t y  of  D e t r o i t  f o r  use  i n  t h e  D e t r o i t  
C i t y  l i m i t s  and o t h e r s  were purchased by t h e  p r o j e c t  f o r  
e r e c t i o n  i n  t h e  C i t y  of  Highland Park ( s e e  F igure  10 on 
page 4 7  9 .  These guide  s i g n s ,  t o g e t h e r  w i t h  t h e  dynamic 
s i g n  d i s p l a y s  a t  "choice  p o i n t s "  d e s c r i b e  a  set  of  p a t h s  
f o r  northbound Freeway t r a f f i c  moving through t h e  c o r r i d o r .  
This  s e t  of  p a t h s  i s  c a l l e d  a  t r e e  wi th  flows moving toward 
t h e  " t runk"  formed by t h e  Freeway and Couzens Drive a t  
McNichols Road. F igure  6 shows one of t h e  more than  100 
t r e e s  which i d e n t i f y  p a t h s ,  t h i s  one f o r  t h e  uncongested 
s t a t e  d i sp layed  dur ing  off-peak hours.  The g e n e r a l  mode 
of o p e r a t i o n  was t o  d i s p l a y  i n d i c a t i o n s  f o r  t h e  t r e e  c u r r e n t l y  
p rov id ing  minimum t r a v e l  t ime t o  t h e  northbound Lodge 
beyond McNichols. 
S t a t i c  s i g n s  were p laced s o  t h a t  most m o t o r i s t s  were 
f i r s t  shown t h e  p a t h  t o  t h e  n e a r e s t  dynamic s i g n  and then  
t h e  a p p r o p r i a t e  p a t h  from t h i s  choice  p o i n t .  Other  guide  
s i g n s  were p laced f o r  r eassurance  purposes where t h e  d i s t a n c e  
between nodes was c o n s i d e r a b l e  o r  where t h e  p a t h  changed 
d i r e c t i o n .  I n  one excep t ion  t o  t h i s  g e n e r a l  r u l e ,  it was 
decided t o  r o u t e  northbound Second Avenue t r a f f i c  a t  
Milwaukee (one b lock sou th  o f  West Grand Boulevard) a long 
Milwaukee t o  t h e  Freeway. This  avoided t h e  expense and 
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d i f f i c u l t y  of  des ign ing  an  e f f e c t i v e  s i g n  f o r  Second Avenue 
a t  i t s  complex i n t e r s e c t i o n  w i t h  West Grand Boulevard. 
Two legends were used f o r  t h e  guide  s i g n s  and both 
d i f f e r e d  from "NORTHBOUND LODGE FREEWAY" a s  used on t h e  
dynamic s i g n s .  The legends were "TO NORTHBOUND JOHN C. 
LODGE FREEWAY" and "TO NORTH LODGE FWY." The c o l o r s ,  
legend type  and s i g n  s i z e ,  however, were approximately t h e  
same a s  t h a t  o f  t h e  dynamic s i g n s ,  This  i n c o n s i s t e n c y  was 
n o t  expected t o  cause  any confusion.  A s  a  p a r t  o f  t h i s  
t a s k ,  arrangements were made t o  have t h e  headings on t h e  
ramp in fo rmat ion  s i g n s  changed from t h e i r  o r i g i n a l  legend 
of  "FREEWAY RAMP CONDITIONS" t o  "NORTHBOUND LODGE FREEWAY" 
as shown i n  F igure  1 on page 1 9 .  
SIGN DESIGN DETAILS 
S p e c i f i c a t i o n s  f o r  18  v a r i a b l e  s i g n s  were s e n t  t o  
a p p r o p r i a t e  manufacturers  (Appendices A,  B and C ) .  The 
s p e c i f i c a t i o n s  inc luded  concep tua l  drawings of t h e  s i g n s  
and t h e  d e t a i l s  were l e f t  t o  t h e  manufacturer .  A s  i n d i c a t e d  
i n  t h e  p rev ious  s e c t i o n ,  o t h e r  t h a n  f o r  t h e  Chicago Blank- 
o u t  s i g n ,  t h r e e  t y p e s  of  s i g n s  were r e q u i r e d .  
VARIABLE MESSAGE SIGN 
The v a r i a b l e  message s i g n  ( F i g u r e  7 )  was r e q u i r e d  f o r  
westbound West Grand Boulevard t r a f f i c  approaching Second 
Avenue. Seven message s t a t e s  were p o s s i b l e  ( s e e  Appendices 
B and C f o r  d e t a i l s ) .  
S t a t e  
1. NO MESSAGE (arrows o n l y )  
2. USE SERVICE DRIVE AND SEWARD RAMP 
3 .  USE SERVICE DRIVE AND CHICAGO RAMP 
4. USE SERVICE DRIVE AND HAMILTON 
5 DELAY AHEAD USE SECOND AND SEWARD 
6.  DELAY AHEAD USE SECOND AND CHICAGO 
7 .  DELAY A.HEAD USE SECOND AND WEBB 
The message appeared i n  a  pane l  below t h e  f i x e d  message 
"NORTHBOUND LODGE FR.EEWAY. 'I 
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I n  t h e  uncongested message s t a t e  ( S t a t e  l ) ,  a  s t r a i g h t  
ahead d i r e c t i o n a l  arrow i s  i l l u m i n a t e d  on bo th  s i d e s  o f  t h e  
message panel .  For a l l  o t h e r  messages, however, t h e  arrow 
d i s p l a y  appears  on ly  on t h e  r i g h t  s i d e  of  t h e  s i g n .  This  
d e s i g n  was adapted  from t h a t  employed i n  a  r e c e n t  General  
Motors s tudy  ( 2 7 ) .  
The messages were des igned t o  s u p p o r t  and augment t h e  
messages c u r r e n t l y  d i s p l a y e d  on t h e  West Grand Boulevard 
ramp c o n d i t i o n  in fo rmat ion  s i g n .  Of t h e  seven p o s s i b l e  
message s t a t e s ,  f o u r  corresponded e x a c t l y  t o  t h e  in fo rmat ion  
s i g n  by d i r e c t i n g  m o t o r i s t s  up West Grand Boulevard t o  t h e  
Lodge S e r v i c e  Dr ive  and then  a long t h e  S e r v i c e  Drive t o  t h e  
recommended ramp of e n t r y ,  e i t h e r  West Grand Boulevard, 
Seward o r  Chicago, o r  f a r t h e r  a long  t h e  a l t e r n a t e  r o u t e  i f  
t h e  degree  of conges t ion  was s e v e r e  ( S t a t e s  1, 2 ,  3 ,  and 
4 ) .  Two of  t h e  remaining t h r e e  messages recommended usage 
of t h e  Seward o r  Chicago ramps, b u t  adv i sed  use  o f  Second 
Avenue r a t h e r  t h a n  t h e  S e r v i c e  Drive ( S t a t e s  5 and 6 ) .  S t a t e  
7 ,  DELAY AHEAD USE SECOND AND WEBB, l e d  t h e  d r i v e r  to  t h e  
Webb ramp v i a  a n o t h e r  dynamic s i g n  a t  Hamilton t h a t  might  
i n d i c a t e  t h e  e q u i v a l e n t  of  S t a t e  4 .  Arrows on t h e  r i g h t  o f  
t h e  s i g n  i n d i c a t e d  t h e  d i r e c t i o n a l  e q u i v a l e n t s  of  t h e  s t r e e t  
name d i r e c t i o n s  e x c e p t  when e n t r a n c e  a t  West Grand ~ o u l e v a r d  
was advised .  I n  t h i s  i n s t a n c e  a n  arrow which p o i n t s  s t r a i g h t  
ahead appeared on b o t h  t h e  l e f t  and r i g h t  s i d e s  o f  t h e  s i g n .  
FIGURE 7 
TWO STATES OF VARIABLE SIGN MESSAGE 
41 
BLANK-OUT SIGNS 
F igure  8 shows t h e  Blank-out s i g n  des ign  used a t  t h e  
Chicago Boulevard ramp te rmina l .  The Blank-out s i g n  shown 
i n  t h e  bottom of F igure  9 was cen te red  over  t h e  c e n t e r  
westbound Davissn Expressway t r a f f i c  l a n e  on t h e  e a s t  s i d e  
of t h e  Hamilton Avenue overpass  s t r u c t u r e .  The message 
d i sp layed  when a p p r o p r i a t e  was: 
DELAY AVOID RAMP 
USE 12TH ST 
A s  shown i n  F igure  9 ,  t h i s  message was p laced under t h e  
f i x e d  legend "LODGE FREEWAY NORTH". TWO p a i n t e d  arrows a t  
t h e  s i d e  of t h e  s i g n  gave it t h e  form of a  s t a t i c  guide  
s i g n  when t h e  message was n o t  a c t i v a t e d .  Supplemental t o  
t h i s  s i g n ,  two guide  s i g n s  were i n s t a l l e d  downstream of  t h e  
Hamilton Avenue overpass  ( s e e  t o p  of Figure  9 ) .  They pro- 
v ided d i r e c t i o n s  f o r  e i t h e r  of t h e  two p o s s i b l e  r o u t e s .  
TRAILBLAZER SIGNS 
A t  t h e  remaining 16 l o c a t i o n s  v a r i a b l e ,  T r a i l b l a z e r  
s i g n s  were des igned,  supp l i ed  and e r e c t e d  (F igure  1 0 ,  t o p ) .  
These c o n s i s t e d  of  t h e  f i x e d  Jegend "NORTHBOUND LODGE 
FREEWAY" framed by two arrows,  on ly  one of which was 
i l l u m i n a t e d  a t  any time. Four d i f f e r e n t  d e s i g n s  were developed 
FIGURE 8 
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t o  s u i t  e i g h t  r i g h t  t u r n s  (Design A ) ,  t h r e e  l e f t  t u r n s  from 
a one-way s t r e e t  (Design B), f o u r  l e f t  t u r n s  from a two- 
way s t r e e t  (Design C )  and one l e f t  t u r n  from a one-way 
street w i t h  two-way t r a f f i c  ahead (Design D ) .  Only t h e  
Design C s i g n  was mounted o v e r  t h e  roadway. The o t h e r  s i g n s  
were e r e c t e d  a t  t h e  s i d e  of  t h e  road corresponding wi th  t h e  
t u r n i n g  d i r e c t i o n  and a t  t h e  lowest  h e i g h t  p e r m i t t e d  by C i t y  
of  D e t r o i t  requi rements .  I n  a d d i t i o n  t o  t h e  v a r i a b l e  guide  
s i g n s ,  more t h a n  100 t y p i c a l  s t a t i c  guide  s i g n s  were 
i n s t a l l e d  a long  t h e  a l t e r n a t e  r o u t e s  (lower h a l f  of  F igure  
1 0 ) .  These s t a t i c  s i g n s  were n o t ,  of course ,  i n s t a l l e d  a t  
o r  nea r  cho ice  p o i n t s  where t h e  dynamic guide  s i g n s  were 
used. 
The p o s s i b l e  manufacturers  o f  t h e  dynamic t r a i l b l a z e r  
s i g n s  were pe rmi t t ed  t o  sugges t  i n  t h e i r  b i d s  any form of 
i l l u m i n a t i o n .  One company under c o n s i d e r a t i o n  uniquely  
sugges ted  e lec t ro-magnet ic  r o t a t i n g  d i s k s  w i t h  a b lack  and 
w h i t e  f a c e  ( s e e  ~ p p e n d i x  A ) .  
The s i g n s  were t o  have a s t a n d a r d  highway g reen  o r  
b l a c k  background. The messages could be  i n  r e d ,  g reen  o r  
whi te .  I f  any messages o r  arrows were g reen ,  s u f f i c i e n t  
c o n t r a s t  had t o  be provided by means of  a b l a c k  background. 
This  l a s t  p r o v i s i o n ,  however, was modif ied by t h e  lowes t  
b i d d e r  whose des ign  inc luded  a w h i t e  background, Thus, t h e  
"ST'ATIC S I G N "  
"BLANK-OUT S I G N "  
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s i g n s  were done i n  highway g reen  and w h i t e ,  a p p r o p r i a t e  
c o l o r s  f o r  freeway gu ide  s i g n s .  Also, a l l  dynamic d i r e c -  
t i o n a l  arrows were i n  green.  I t  was b e l i e v e d  t h a t  t h e  g reen  
d i s p l a y  by way of  i t s  p o s i t i v e  n a t u r e  i m p l i e s  a n  a f f i r m a t i v e  
a c t i o n  and was b e s t  f o r  a  gu ide  s i g n  of  t h i s  type .  
Although l e t t e r  s i z e s  were s p e c i f i e d ,  l e g i b i l i t y  
requi rements  shown i n  Table 3 were a l s o  g iven  r e g a r d l e s s  of 
manufacturing techniques .  I n  a d d i t i o n ,  f o r  a  blanked-out  
message, it was r e q u i r e d  t h a t  it  n o t  be  l e g i b l e  from c e r t a i n  
d i s t a n c e s .  (A 20/20 v i s u a l  a c u i t y  was assumed when l e g i -  
b i l i t y  d i s t a n c e s  were computed.) 
The s i g n s  were s u p p l i e d  i n  September 1969 and e r e c t e d  
dur ing  t h a t  month and t h e  next .  Power and t e l ephone  l i n e s  
were s u p p l i e d  and t h e  s i g n s  were brought  i n t o  o p e r a t i o n  
dur ing  t h e  week commencing Monday, November 1 0 ,  The system 
was f u l l y  o p e r a t i o n a l  by t h e  fo l lowing  week. 
The P u b l i c  L igh t ing  Commission (PLC) o f  t h e  C i t y  of 
D e t r o i t  took much longer  t o  e r e c t  t h e  s i g n s  than  had been 
a n t i c i p a t e d .  One p r i n c i p a l  cause  was t h a t  they  a p p a r e n t l y  
d i d  n o t  expec t  t h a t  t h e  s i g n s  would have exposed neon t u b i n g  
(nor  d i d  t h e  U n i v e r s i t y )  and f o r  p u b l i c  s a f e t y  reasons  
i n s i s t e d  t h a t  each s i g n  have a  s c r e e n  f i t t e d  w i t h  a lower 
s h e l f .  This  would p r o t e c t  t h e  tubing and a l s o  c a t c h  most 
of t h e  d e b r i s  i f  a  t u b e  s h a t t e r e d ,  The U n i v e r s i t y  immediately 
TRAILBLAZER 
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TABLE 3 
SIGN LEGIBILITY DISTANCES 
V a r i a b l e  Message 
Davison Blank- 
T r a i l b l a z e r  
T r a i l b l a z e r  
S ign  (Type 3D) 
arranged f o r  t hese  modifications which were accomplished 
i n  l e s s  than one week. A s  a r e s u l t  of t h i s  s h o r t  delay,  
PLC delayed t h e i r  work on t h e  e r e c t i o n  of t h e  s igns .  
Therefore,  t h e  r e sea rch  program had t o  be completed i n  
win te r  and even then some a c t i v i t i e s  were accomplished i n  
e a r l y  1970. 
To pub l i c i ze  t h e  new s igns ,  a p ress  r e l e a s e  was for -  
warded t o  t h e  D e t r o i t  metropol i tan newspapers. Examples 
of coverage received a r e  included i n  Appendix F. The amount 
of p u b l i c i t y  received was l e s s  than f o r  t h e  previous ramp 
information s i g n s  ( 2 6 ) .  I n  p a r t i c u l a r ,  l e a f l e t s  were no t  
d i s t r i b u t e d  a t  ramp entrances .  The p r i n c i p a l  reason f o r  t h i s  
was t h a t  it was considered t h a t  t h e  new s igns  were v i r t u a l l y  
se l f -explana tory  and it had a l ready  been shown t h a t  thie  
more complex Ramp Xnformation Signs were wel l  understood 
( 2 6 ) .  I n  add i t i on ,  a follow-up ques t ionna i re  f o r  t h e  new 
s igns  had not  been planned and t h e r e  was no d e f i n i t e  f i rs t  
day of opera t ions  t o  co inc ide  wi th  a day f o r  t h e  d i s t r i -  
bu t ion  of l e a f l e t s .  Nevertheless,  it was bel ieved t h a t  
many moto r i s t s  would see ,  understand,  and fol low t h e  new 
s igns .  
SURVEILLANCE AND CONTROL EQUIPMENT 
The co r r ido r  under i n v e s t i g a t i o n  extends along t h e  
Lodge Freeway, D e t r o i t ,  Michigan, from West Grand Boulevard 
t o  Meyers Road, a d i s t ance  of 6.1 miles .  The e x i s t i n g  
equipment a v a i l a b l e  from e a r l i e r  s t u d i e s  inc lude  an IBM 
1800 d i g i t a l  computer wi th  an inpu t  and ou tpu t  i n t e r f a c e  
f o r  f i e l d  communication, loca ted  a t  t h e  Control  Center a t  
Herman Kiefer  Hospi ta l ,  l eased  telephone cab le  and l i n e s  
f o r  communication w i t h  t h e  f i e l d  equipment, 55  veh ic l e  
presence d e t e c t o r s  i n s t a l l e d  a t  n ine  s t a t i o n s  along t h e  
northbound Lodge Freeway, on a l l  n ine  en t rance  ramps f o r  
use i n  ramp metering,  an a d d i t i o n a l  d e t e c t o r  on seven of 
t he  on-ramps t o  d e t e c t  queueing, and on a l l  t e n  off-ramps, 
e i g h t  en t rance  ramp metering s i g n a l s  and e i g h t  ramp infor -  
mation s igns  ( d e t a i l s  of t h e  computer con t ro l  system a r e  
given i n  Appendix D). 
A l l  of t h e  55  e x i s t i n g  v e h i c l e  presence d e t e c t o r  
i n s t a l l a t i o n s  i n  t h e  Corridor were loca ted  e i t h e r  on the  
Freeway i t s e l f  o r  on t h e  ramps t o  t h e  Freeway. I n  order  
t o  use t h e  dynamic s igns  t o  show the  b e s t  r o u t e  t o  t h e  
Freeway, a number of d e t e c t o r s  were a l s o  requi red  on t h e  
r e l e v a n t  su r f ace  s t r e e t s  s o  t h a t  Freeway and a l t e r n a t e  
r o u t e  volumes could be compared. The qu ickes t  r o u t e  der ived 
from these  volumes would be  displayed on t h e  s igns .  Th~ere- 
f o r e ,  n ine  a d d i t i o n a l  loop d e t e c t o r s  were i n s t a l l e d  on 
su r f ace  s t r e e t s  i n  t h e  Corridor a t  l oca t ions  shown i n  
F igure  11. 
The d e t e c t o r s  can be  ca tegor ized  a s  being i n  t h r e e  
types  of p o s i t i o n s ,  l e f t  t u r n  l anes ,  through lanes  and r a i l -  
way c ross ings .  Two d e t e c t o r s  obta ined a count of t h e  number 
making a l e f t  t u r n  towards t h e  Freeway from a p a r t i c u l a r  
i n t e r s e c t i o n  where an access  ramp was ava i l ab l e .  These sites 
were loca ted  sou th  a f  both  Chicago and Webb. Five o t h e r  
p o s i t i o n s  obta ined a sample " f r e e  flowing" count away from 
a node connecting t h r e e  o r  more l i n k s  i n  only one lane, ,  The 
counts obta ined from these  f i v e  d e t e c t o r s  could,  however, 
be c a l i b r a t e d  by observa t ion  wi th  t he  veh ic l e  counts made 
f o r  t o t a l  volume and f o r  t h e  number pass ing over t h e  loop. 
With a known r a t i o  between t h e  two, t o t a l  volume could be 
es t imated based on t h e  count i n  only one lane.  The d e t e c t o r s  
f o r  t h e  l e f t - t u r n i n g  movements were a l s o  used t o  measulee 
occupancy t o  g ive  an es t imate  of t h e  delay i n  making the  
l e f t  tu rn .  The count obta ined i n  t hese  l oca t ions  was again  
a sample a s  veh ic l e s  en te red  t h e  Freeway from t h e  c ros s  
s t r e e t .  Again, p r i o r  observat ion provided t h e  c a l i b r a t i o n  
f a c t o r s  f o r  t he se  cspnts .  F i n a l l y ,  two d e t e c t o r s  were placed 
a t  two grade ra i lway c ros s ings  i n  t h e  Corridor.  Their  
FIGURE 11 
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function was t o  determine i f  the  railway gates  were closed. 
Since the  two loop de tec tors  a t  the  railway crossing were 
downstream from t h e  crossings,  the  detector  inputs were 
inspected f o r  a s i g n i f i c a n t  absence of t r a f f i c .  From t h i s  
input  it could be infer red  whether o r  not there  was a (delay 
t o  surface t r a f f i c .  
LOGIC OF S I G N  OPERATION 
During t h e  northbound off-peak 20 hours ,  from 6:30 p.m. 
u n t i l  2:30 p.m. of  t h e  n e x t  weekday, a l l  dynamic s i g n  d i s -  
p lays  remained f i x e d  i n  t h e  uncongested mode. For t h e  
o r i g i n a l  e i g h t  informat ion  s i g n s  on ly  t h e  f i r s t  ramp was 
i l l u m i n a t e d  i n  green.  The T r a i l b l a z e r  and v a r i a b l e  Message 
s i g n s  po in ted  d i r e c t l y  t o  t h e  Freeway and t h e  b lankout  s i g n s  
were n o t  a c t i v a t e d  (F igure  6 )  . 
During t h e  2:30 p.m. t o  6:30 p.m. peak pe r iod  a l l  s i g n s  
i n d i c a t e d  t h e  q u i c k e s t  r o u t e  t o  t h e  Freeway o r  Couzens 
Drive a t  McNichols Road. This  involved a  change i n  t h e  
o r i g i n a l  mode o f  o p e r a t i o n  f o r  t h e  ramp c o n d i t i o n  informat ion  
s igns .  Formerly t h e s e  s i g n s  i n d i c a t e d  whether o r  n o t  a  
Freeway ramp was congested.  The i r  l o g i c  of o p e r a t i o n  was 
changed s o  t h a t  t h e  recommended p a t h  would be  t h e  q u i c k e s t  
r o u t e  f o r  Freeway en t rance .  Therefore ,  i n  some i n s t a n c e s  
ramps n o t  on t h e  s h o r t e s t  p a t h  f o r  Freeway e n t r y  were shown 
i n  r e d  even though they were n o t  congested.  
The 1 9  new s i g n s  were r e q u i r e d  t o  i n d i c a t e  p a t h s  con- 
s i s t e n t  w i t h  each o t h e r  and w i t h  t h e  e i g h t  o r i g i n a l  Ramp 
Informat ion  Signs .  Thus t h e  t o t a l  of  27 s i g n s  shown i n  
F igure  4 r e q u i r e d  on ly  1 2  independent  c o n t r o l  s i g n a l s  s i n c e  
nany s i g n s  were opera ted  v i a  c o n t r o l s  from o t h e r  s i g n s .  
The fo l lowing  l i s t i n g  shows t h e  groupings.  
GROUPS 
1, Sign 1 
2. S ign 2 
3 .  Signs  3,  4 and 5  
4.  S igns  6 ,  7 ,  8 and 9 
5. S igns  1.0, 11, 12 and 13 
6. Signs 1.4, 15  and 16 
7.  S ign  17 
8 ,  S igns  1.8 and 19 
9 ,  S igns  20, 2 1  and 26 
10,  S igns  22, 23 and 27 
11. Sign 2 4  
12 ,  Sign 25 
Sign 1 d i sp layed  t h e  qu icker  of t h e  two r o u t e s  t o  
ramps beyond West Grand Boulevard v i a  t h e  S e r v i c e  Drive 
o r  Second when t h a t  ramp was congested.  S ign 17 showed t h e  
s h o r t e s t  of t h e  two r o u t e s  v i a  Fenke l l  t o  t h e  Freeway o r  
~ a m i l t o n  t o  P u r i t a n .  Signs 18 and 19 always i n d i c a t e d  
Twelfth S t r e e t  u n l e s s  r a i lway  c r o s s i n g  a c t i v i t i e s  were 
t a k i n g  p l a c e  a t  t h e  Twelfth S t r e e t  c r o s s i n g  b u t  n o t  a t  t h e  
Linwood c r o s s i n g .  !sign 25 showed t h e  f a s t e r  r o u t e ,  P u r i t a n  
o r  McNichols. The remaining s i g n s  i n  t h e  l i s t  a r e  t h e  o r i -  
g i n a l  informat ion  s i g n s  and t h e  new s i g n s  o p e r a t i n g  on 
d i f f e r e n t  approaches t o  an i n t e r s e c t i o n .  
Volume in fo rmat ion  was r e c e i v e d  from a l l  Freeway on- 
and off-ramp d e t e c t o r s  and t h e  s u r f a c e  s t r e e t  d e t e c t o r s  
every  t e n t h  of a  second. ( D e t a i l s  of c o n t r o l  programming 
a r e  g iven i n  Appendix D which a l s o  g i v e s  d e t a i l s  on t h e  
programming f o r  me te r ing  c o n t r o l . )  A t  t h e  end of  each 
minute t h e  volumes were t o t a l e d  f o r  each d e t e c t o r .  The 
v a l u e  of occupancy was a l s o  ob ta ined  f o r  each Freeway 
d e t e c t o r  s t a t i o n  and f o r  t h e  queue d e t e c t o r s .  The computer 
determined t h e  mete r ing  r a t e  based on t h e  Freeway informat ion .  
Trave l  t i m e  c a l c u l a t i o n s  were then  made t o  de termine  which 
ramps were t o  be  shown i n  red .  These c a l c u l a t i o n s  d e t e r -  
mined t h e  s t a t e  of most of t h e  27  s i g n s .  The remaining 
s i g n  s t a t e s  were determined by comparing t r a v e l  t imes  on 
competing s u r f a c e  s t reet  r o u t e s  i n c l u d i n g  a  check f o r  r a i l -  
way c r o s s i n g  a c t i v i t y  a t  t h e  Twelf th and Hamilton c r o s s i n g s .  
The o u t p u t  t o  t h e  ramp s i g n a l s  and ramp in fo rmat ion  
s i g n s  took p l a c e  a s  d e s c r i b e d  i n  p rev ious  r e p o r t s  on t h i s  
p r o j e c t  The r e l a y  system used f o r  swi tch ing  t h e  
new v a r i a b l e  message s i g n  (Type 1) i s  d e s c r i b e d  i n  Appendix 
C.  O p e r a t i o n a l l y ,  t h e  o t h e r  s i g n s  were a l l  s imple  i n  t h e i r  
e l e c t r i c a l  c o n t r o l  s i n c e  t h e  t o t a l  p o s s i b l e  range  of  d i s -  
p l a y s  was on ly  two. Thus, s i g n s  were swi tched by means of  
e l e c t r i c a l  r e l a y s  upon commands from communication l i n e s .  
These commands o r i g i n a t e d  e i t h e r  a t  t h e  Cont ro l  Center  o r  
a t  o t h e r  s i g n s  (mas te r s )  i n  t h e  systems t o  change t h e s e  
s i g n s  ( s l a v e s ) .  
EVALUATION OF SYSTEM EFFECTIVENESS 
Four s e p a r a t e  t e s t s  were c a r r i e d  o u t  t o  e v a l u a t e  t h e  
e f f e c t i v e n e s s  of  t h e  in fo rmat ion  system. F i r s t ,  t h e  v i s i -  
b i l i t y  of t h e  s i g n s  was checked f o r  v a r i o u s  a i r  tempera tures  
and weather  c o n d i t i o n s .  Second, a  human f a c t o r s  s tudy  was 
c a r r i e d  o u t  t o  measure observance and a b i l i t y  t o  fo l low 
t h e  s i g n .  
The t h i r d  and f o u r t h  e v a l u a t i o n  s t u d i e s  were concerned 
w i t h  t h e  response  of  c o r r i d o r  t r a f f i c  t o  t h e  combined 
in fo rmat ion  and c o n t r o l  system. The two types  of s t u d i e s  
focused on microscopic  behavior  of v a r i a b l e  d i s p l a y  d e c i s i o n  
p o i n t s  and a  macroscopic s t u d y  of o v e r a l l  performance. 
STUDY OF SIGN VISIBILITY 
The lowest  b idder  f o r  t h e  v a r i a b l e  s i g n s  proposed 
g reen  neon arrows on a  whi te  background f o r  a l l  arrow d i s -  
p l a y s  on t h e  17 s i g n s  u t i l i z i n g  arrows. I t  was known t o  
t h e  p r o j e c t  s t a f f  t h a t  g reen  neon, u n l i k e  r e d  neon, f a d e s  
badly  i n  c o l d  weather .  The p roposa l  of t h e  lowest  b idder  
was accep ted ,  however, because of t h e  l i m i t e d  funds a v a i l a b l e .  
Consider ing  t h e  r e s e a r c h  a s  a  p i l o t  exper imenta l  p r o j e c t ,  
it was b e l i e v e d  of g r e a t  v a l u e  t o  e v a l u a t e  t h e  s i g n  d e s i g n  
and concept  of v a r i a b l e  T r a i l b l a z e r s  and only  subsequent ly  
i n v e s t  g r e a t e r  amounts of  money i n  s i g n s  planned f o r  per-  
manent i n s t a l l a t i o n .  A d d i t i o n a l l y ,  it was planned t o  
e v a l u a t e  t h e  s i g n s  d u r i n g  t h e  month of  October w i t h  a l l  
t e s t i n g  t o  be  completed no l a t e r  than  t h e  end of  November, 
t h u s  avo id ing  t h e  advent  of  t empera tu res  c o l d  enough t o  
impair  t h e  e f f i c i e n c y  of  t h e  g reen  neon. Delays i n  
i n s t a l l a t i o n ,  however, a l t e r e d  t h e  o r i g i n a l  work p lan .  
The average  tempera ture  f o r  October i n  t h e  D e t r o i t  
a r e a  i s  53°F and f o r  November 40°F. With t h e s e  t empera tu res ,  
t h e  v i s i b i l i t y  of t h e  s i g n s  should  have been s a t i s f a c t o r y .  
The e v a l u a t i o n  of  t h e  s i g n s ,  however, was n o t  c a r r i e d  o u t  
u n t i l  December 1969 and January  1970, due t o  d e l a y s  i n  
t h e  e r e c t i o n  of  t h e  s i g n s  and i n  t h e  connec t ion  of  t h e  
t e l ephone  l i n e s .  The average  tempera ture  f o r  December is  
only  28OF whi le  f o r  January it i s  25°F. I t  was, t h e r e f o r e ,  
dec ided t o  check t h e  v a r i a t i o n  of  arrow v i s i b i l i t y  wi th  a i r  
tempera ture .  
Temperature,  however, i s  n o t  t h e  on ly  f a c t o r  a f f e c t i n g  
v i s i b i l i t y .  Ambient l i g h t  i s  a l s o  an  impor tan t  f a c t o r  i n  
viewing i l l u m i n a t e d  s i g n s .  The s i g n  o r i e n t a t i o n ,  t h e  pre-  
sence  of  sunsh ine  and t h e  t i m e  of  s u n s e t  a r e  t h e  major 
de te rminan t s  of  ambient l i g h t ,  I n  t h e  D e t r o i t  a r e a  t h e  
mid-month s u n s e t  t imes  a r e  4:35 p.m. i n  December and 5:00 p.m. 
i n  January .  Thus, n e a r l y  h a l f  of  t h e  December and January  
peak p e r i o d s  a r e  n o t  d u r i n g  d a y l i g h t  hours .  
The l i g h t  l e v e l  was ob ta ined  from a Sekonic photograph 
l i g h t  meter  w i t h  t h e  r e a d i n g s  recorded i n  u n i t s  of exposure 
v a l u e  f o r  a f i l m  speed of  25 ASA. The tempera ture  was 
ob ta ined  from t h e  l o c a l  weather  s t a t i o n  f o r  t h e  n e a r e s t  
p o s s i b l e  t ime t o  each obse rva t ion .  The time of day was a l s o  
recorded s o  t h a t  sun  p o s i t i o n  could  be  determined. 
DRIVER OBSERVANCE STUDY 
A s t u d y  was conducted by t h e  Human F a c t o r s  Group a t  
t h e  Highway S a f e t y  Research I n s t i t u t e  t o  e v a l u a t e  s u b j e c t  
response  t o  t h e  dynamic r o u t e  guidance s i g n  system. The 
v a r i a b l e  message s i g n  a t  West Grand Boulevard, a sample of 
T r a i l b l a z e r  s i g n s  throughout  t h e  Freeway Cor r idor  and 
Blank-out s i g n s  were e v a l u a t e d  i n  terms o f  t h e i r  frequency 
of be ing  seen ,  understood and obeyed by pa id  s u b j e c t s .  
Twenty-eight s u b j e c t s ,  twenty-three males and f i v e  
females ,  were used i n  t h i s  s tudy .  They were r e c r u i t e d  
through t h e  placement s e r v i c e s  of Wayne S t a t e  U n i v e r s i t y ,  
Highland Park J u n i o r  Col lege  and The Univers i ty  of Michigan. 
Each s u b j e c t  was pa id  f o r  an  average  o f  3 1 / 2  hours  work, 
i n c l u d i n g  d r i v i n g  time t o  t h e  Cont ro l  Center .  
A 1968 Plymouth sedan and a $970 Ford Falcon sedan 
bo th  equipped w i t h  automat ic  t r a n s m i s s i o n  were used a s  tes t  
v e h i c l e s .  A C i t i z e n ' s  Band r a d i o  i n s t a l l e d  i n  t h e  Plymouth 
provided communication w i t h  t h e  Cont ro l  Center .  Before 
t h e  beginning of each s u b j e c t ' s  tes t ,  t h e  Cont ro l  Center  
pe r sonne l  s e t  t h e  s i g n s  t o  i n d i c a t e  one of  a  s e t  of  pre-  
s e l e c t e d  d i s p l a y s .  The experiment  was conducted d u r i n g  
off-peak hours  s o  t h a t  t r a f f i c  would be d i s t u r b e d  a s  l i t t l e  
a s  p o s s i b l e .  If t r a f f i c  was moderate t o  heavy d u r i n g  a  
s t u d y ,  t h e  Cont ro l  Center  was n o t i f i e d  by r a d i o  a s  soon a s  
a  s i g n  was passed s o  t h a t  normal s i g n  o p e r a t i o n s  could  be  
resumed. The r o u t e  fo l lowed i n  t h e  d r i v i n g  t a s k  w i t h  t h e  
Falcon d i d  n o t  r e q u i r e  communication w i t h  Cont ro l  Center .  
When each s u b j e c t  a r r i v e d  a t  t h e  Cont ro l  Center  he was 
t aken  t o  t h e  t e s t  v e h i c l e  and t o l d  t o  make t h e  a p p r o p r i a t e  
p e r s o n a l  adjus tments  i n  s e a t  and m i r r o r  p o s i t i o n s  and t o  
use  t h e  s e a t  b e l t .  The exper imenter  s a t  i n  t h e  r e a r  s e a t .  
He had prepared  d a t a  s h e e t s  on which t o  r e c o r d  t h e  s u b j e c t s '  
v e r b a l  r e p o r t s  of s i g h t i n g  t h e  signs and t h e i r  behavior  i n  
r ega rd  t o  t h e  s i g n  messages. 
The tests  were c a r r i e d  o u t  i n  two series. I n  t h e  
f i r s t  s e r i e s ,  each s u b j e c t  was shown a  p i c t u r e  of a T r a i l -  
b l a z e r  s i g n  and r e a d  t h e  i n s t r u c t i o n s  f o r  t h e  experiment  
(Appendix E ) .  He was i n s t r u c t e d  t o  r e a d  and obey a l l  s i g n s  
d i r e c t i n g  him t o  t h e  John C .  Lodge Freeway. Verbal  i n s t r u c -  
t i o n s  were a l s o  g iven  when necessa ry  t o  remain on t h e  s tudy  
r o u t e .  The pre-determined s i g n  messages guided him a long  a  
s e l e c t e d  p a t h  a l though  i f  t h e  f i r s t  s i g n  was missed o r  
ignored,  he was verblally d i r e c t e d  back t o  t h e  s e l e c t e d  
r0ut.e. Each subject .  f i r s t  drove p a s t  f i v e  T r a i l b l a z e r  s igns  
chosen t o  provide examples of t h e  var ious  s i t u a t i o n s  i n  
which a  mo to r i s t  cou,ld encounter one of t hese  s igns .  EIe 
was then d i r e c t e d  t o  t h e  v a r i a b l e  message s i g n  a t  West Grand 
Boulevard. I f  d i r e c t e d  t o  t h e  Serv ice  Drive, he then 
followed a  r o u t e  pass ing one t o  fou r  ramp information s igns .  
I f ,  however, t h e  s u b j e c t  was d i r e c t e d  t o  Second Avenue, he 
passed from one t o  t h r e e  T r a i l b l a z e r s ,  a l l  of which had been 
included i n  t h e  e a r l i e r  sample of T r a i l b l a z e r s .  Finallly, 
a l l  s u b j e c t s  were routed p a s t  t h e  Chicago Blank-out s i g n  
which i n  every in s t ance  was i l lumina ted .  
I n  t h e  second s e r i e s  of t e s t s  t he  s u b j e c t s  were aga in  
read the  i n s t r u c t i o n s  f o r  t h e  experiment (Appendix E ) .  Each 
s u b j e c t  drove p a s t  f i v e  dynamic s igns .  These were t h e  
1. Chicago blank-out s i g n  (number 9 ) ,  
2. t h e  Webb ramp informat ion s i g n  (number l o ) ,  
3 .  t h e  Davison blank-out s i g n  (number 1 5 ) ,  
4. t h e  Twelfth S t r e e t  T r a i l b l a z e r  s i g n  (number 1 9 ) ,  and 
5. t h e  Linwood ramp informat ion s i g n  (number 2 0 ) .  
The main aim of t h i s  s tudy was t o  t e s t  t h e  e f f ec t iveness  of 
t h e  Davison Blank-out s i g n  which was no t  passed dur ing t h e  
f i r s t  s e r i e s  of t e s t s .  The s i g n  s t a t e s  remained t h e  same 
throughout t h e  s e r i e s  of t e s t s .  I n  p a r t i c u l a r ,  both blank- 
o u t  s igns  were always i l lumina ted .  T h i s  s e r i e s  of t e s t s  
was c a r r i e d  o u t  i n  warmer weather than was the  f i r s t  s e r i e s .  
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TRAFFIC ROUTING AT DECISION POINTS 
Of t h e  t r a f f i c  volume approaching a  d e c i s i o n  p o i n t  on 
any l i n k  i n  t h e  network, it  was l i k e l y  t h a t  on ly  a  smal l  
p r o p o r t i o n  of  m o t o r i s t s  would have been c o n s i d e r i n g  e n t r y  
t o  t h e  northbound Lodge Freeway. Regardless  of  t h e  weather  
and t r a f f i c  c o n d i t i o n s ,  o n l y  some of  t h e s e  d r i v e r s  would 
have been i n f l u e n c e d  by t h e  v a r i a b l e  s i g n s .  
To t e s t  whether  o r  n o t  t r a f f i c  r o u t i n g  changed a s  t h e  
s i g n  s t a t e s  changed, a  sample of s i g n  l o c a t i o n s  where t h e  
s i g n  was l i k e l y  t o  i n d i c a t e  each p a t h  f o r  a  r e a s o n a b l e  t ime 
d u r i n g  t h e  p e r i o d  of s tudy  were s e l e c t e d .  The s tudy  a t  
each l o c a t i o n  was d i v i d e d ,  f o r  t h e  most p a r t ,  i n t o  e i g h t  
quar te r -hour  p e r i o d s  from 3 :00  p.m. t o  5 :00  p.m. o r  3 : 3 0  p.m. 
t o  5 : 3 0  p.m. This  made it p o s s i b l e  t o  de termine  i f  t h e  
e f f e c t s  of t h e  s i g n s  d i f f e r e d  by t ime of day. 
On t h e  f i r s t  day of a  two-day s tudy  of each s i g n ,  t h e  
s i g n s  i n d i c a t e d  t h e  d i r e c t  r o u t e  t o  t h e  Freeway f o r  t h e  
f i r s t  quar te r -hour .  T h e r e a f t e r ,  t h e  s i g n  a l t e r n a t e d  between 
t h e  bypass and t h e  d i r e c t  r o u t e s  w i t h  changes every  q u a r t e r  
of an  hour.  An obse rve r  counted t h e  number of  v e h i c l e s  
t a k i n g  each r o u t e  f o r  each s t a t e  of t h e  s i g n .  On t h e  second 
day,  t h e  procedure was i d e n t i c a l  excep t  t h a t  f o r  t h e  f i r s t  
quar te r -hour  t h e  bypass r o u t e  was i n d i c a t e d .  So t h a t  
m o t o r i s t s  would n o t  l o s e  f a i t h  i n  t h e  r e l i a b i l i t y  of  t h e  
s i g n s ,  i f  t h e  d i r e c t  r o u t e  was favored ,  t h e  maximum meter ing  
r a t e s  were used t o  reduce  conges t ion  on t h e  ramp; i f  t h e  
bypass r o u t e  was i n d i c a t e d ,  t h e  minimum meter ing  r a t e  was 
used t o  i n c r e a s e  t h e  d i r e c t  ramp conges t ion .  
The s i g n s  s t u d i e d  a r e  g iven  i n  Table 4.  
Ramp in fo rmat ion  s i g n s  7 and 1 4  were l o c a t e d  a t  t h e  
same i n t e r s e c t i o n s  i3s T r a i l b l a z e r  Signs  8 and 15,  r e s p e c t i v e l y .  
Therefore ,  s imul taneous  t r a f f i c  r o u t i n g  d a t a  c o l l e c t e d  f o r  
t h e s e  s i g n s  provided a u s e f u l  comparison between t h e  two 
types  of s i g n .  
OVERALL TRAFFIC RESPONSE 
I f  t h e  s i g n s  a r e  obeyed t o  any e x t e n t ,  t h e r e  should 
be  a r e d u c t i o n  i n  t o t a l  t r a v e l  t ime on t h e  northbound Lodge 
Freeway. A t  t h e  stitne time, t h e r e  should be on ly  a f a i r l y  
s m a l l  i n c r e a s e  i n  t o t a l  t r a v e l  t ime on t h e  s u r f a c e  street 
network. 
The r e d u c t i o n  i n  Freeway t o t a l  t r a v e l  time should be 
due t o  a r e d u c t i o n  i n  Freeway t r a v e l  caused by: 
1. some m o t o r i s t s  e n t e r i n g  a t  a ramp downstream 
from t h e i r  u s u a l  e n t r a n c e  due t o  d i v e r s i o n  by 
t h e  s i g n s  ( e x i t  ramps can be  expected  t o  be 
unchanged); 
TABLE 4 
SIGNS USED IN SUBJECT DRIVER STUDY 
SIGN LOCATION SIGN TYPE 
Second at Seward Trailblazer, 
Seward at Second Trailblazer, 
Second at Chicago 
Hamilton at Chicago Ramp Information 
Chicago at Hamilton 
Woodrow Wilson at Webb 
Webb at Woodrow Wilson Trailblazer, 
Hamilton and Davison Ramp Information 
Service Drive 
Davison Service Drive Trailblazer, 
at Hamilton 
2. t h e  d i v e r t i n g  m o t o r i s t s  e n t e r i n g  a t  less 
congested ramps; and 
3 .  some m o t o r i s t s  dec id ing  n o t  t o  e n t e r  t h e  
Freeway a t  a l l .  
There should be a consequent i n c r e a s e  i n  s u r f a c e  
street t r a v e l  t ime because of  t h e  d i v e r t e d  t r a f f i c .  For 
most of  t h e  Cor r idor ,  however, t h i s  t r a f f i c  can be d i s t r i -  
buted over  more than  one s u r f a c e  s t r e e t .  Thus, t h e  d i v e r t e d  
t r a f f i c ,  a l though s l . i g h t l y  i n c r e a s i n g  s u r f a c e  s t r e e t  t r a v e l  
t ime,  i s  n o t  l i k e l y  t o  i n c r e a s e  conges t ion  and accompanying 
long de lays .  I t  was expected t h a t  t h e r e  would be  an  over- 
a l l  r e d u c t i o n  i n  t o t a l  t r a v e l  time through t h e  Corr idor .  
The s tudy was c a r r i e d  o u t  on a before-and-af ter  b a s i s .  
Freeway t r a v e l  t i m e  was c a l c u l a t e d  a s  i n  Reference ( 7 ) .  I n  
t h i s  method, t h e  one-minute volumes q1 and and ocou- 
i pancies  9 and a r e  known f o r  each of t h e  240 consec- 
u t i v e  minutes i n  t h e  four-hour peak pe r iod  f o r  each p a i r  
of Freeway d e t e c t o r  s t a t i o n s  forming t h e  Freeway subsystem. 
The e n t e r i n g  and e x i t i n g  flows a t  i n t e r m e d i a t e  ramps, 
q2, q 3 ,  ". q a r e  a l s o  measured f o r  each minute. Then t h e  n 
t o t a l  v e h i c l e  mi les  of t r a v e l  (TT)  f o r  t h e  four-hour peak 
p e r i o d  i s  obta ined.  The average speed (u) f o r  a s e c t i o n  
i s  ob ta ined  by t a k i n g  t h e  average of t h e  computed space 
mean speeds a t  t h e  end p o i n t s  of t h e  s e c t i o n .  Thus; 
wi th  - p l q l  - 8, 
and u - - Pnqnt 1 n t l  ; ' n t l  
where e l  and a r e  t h e  v a l u e s  of occupancy a t  1 and n t l .  
Occupancy i s  measured a s  t h e  p ropor t ion  of t ime t h a t  a 
d e t e c t o r  i s  occupied,  whi le  pl and P n t l  a r e  c o n s t a n t s  f o r  
t h e  s t a t i o n s  1 and n+l  used t o  conver t  occupancy measure- 
ments t o  d e n s i t y .  
Therefore ,  f o r  t h e  four-hour p e r i o d ,  t o t a l  t r a v e l  t i m e  
(TTT)  f o r  a freeway s e c t i o n  i s  
TT 
TTT = - . 
Then t o t a l  t r a v e l  t ime f o r  t h e  Freeway i s  simply t h e  sum 
of t h e  t o t a l  t r a v e l  t imes  f o r  each subsystem. T o t a l  t r a v e l  
on t h e  Freeway can a l s o  be ob ta ined  by summation over  t h e  
subsystem. Four r e p r e s e n t a t i v e  be fo re  and a f t e r  days were 
chosen w i t h  t h e  t o t a l  t r a v e l  and t o t a l  t r a v e l  t ime compared. 
Considering now the  possible  increase i n  surface s t r e e t  
t r a v e l  time, the  da ta  su i t ab le  f o r  analysis  are:  
1. l i n k  t r a v e l  times from a p ro jec t  t e s t  car;  
2.  detected volumes from the surface s t r e e t  
de tec tors ;  and, 
3 .  ca l ib ra t ion  fac to r s  t o  sca le  the detected 
volumes. 
The t r a v e l  times were obtained f o r  each l ink  of the network 
f o r  each hour of the  four-hour peak period. On those l inks  
of c r u c i a l  importance the runs were repeated f o r  the same 
hour. The computer's records gave the detected volumes, 
and f i e l d  observations were used t o  r e l a t e  the  sample detected 
t o  the t o t a l  volume. Volumes on l inks  without de tec tors  
were assumed t o  change i n  proportion t o  the  volumes on l inks  
w i t h  de tec tors .  Far the  four-hour peak period, the  t o t a l  
surface s t r e e t  t r a v e l  time was obtained by summing over a l l  
l i n k s  the product of average t r a v e l  time and t o t a l  voltume. 
The new signs were considered t o  have an effect iveness  
equal t o  the  difference i n  the reduced t r a v e l  time on the 




The e f f e c t i v e n e s s  of  t h e  Lodge Freeway C o r r i d o r  dyinamic 
r o u t e  guidance  system i n s t a l l e d  d u r i n g  t h i s  phase of  
p r o j e c t  r e s e a r c h  was e v a l u a t e d  by means of  t h e  f o l l o w i n g  
f o u r  s t u d i e s .  
1. S ign  v i s i b i l i t y ;  
2 .  Dr ive r  s u b j e c t  response;  
3 .  T r a f f i c  r o u t i n g  a t  d e c i s i o n  p o i n t s ;  and 
4 .  O v e r a l l  t r a f f i c  r e sponse .  
The r e s u l t s  o f  each o f  t h e s e  s t u d i e s  w i l l  be  d e a l t  w i t h  
s e p a r a t e l y  i n  t h i s  c h a p t e r .  
SIGN VISIBILITY 
V i s i b i l i t y  r e a d i n g s  were taken  f o r  t h e  arrows on t : he  
T r a i l b l a z e r  S igns  a t  t h e  l o c a t i o n s  shown i n  Table 5.  I t  
is  noted  t h a t  sun  e f f e c t s  a r e  inc luded  by u s i n g  s i g n s  
p o i n t e d  i n  t h e  f o u r  c a r d i n a l  d i r e c t i o n s .  Background v i s u a l  
" n o i s e "  d i f f e r e n c e s  a r e  a l s o  r e p r e s e n t e d  i n  t h e  s e l e c t i o n  
of s i g n s  s t u d i e d .  
I n  Table  6 ,  t h e  v i s i b i l i t y  d i s t a n c e s  i n  f e e t  a r e  g iven  
f o r  t h e  f i v e  s i g n s  under d i f f e r e n t  l i g h t i n g  and t empera tu re  
c o n d i t i o n s ,  The v i s i b i l i t y  d i s t a n c e s  shgwn i d e n t i f y  t h e  
TABLE 5 
TRAILBLAZER S I G N S  EVALUATED I N  V I S I B I L I T Y  STUDY 
Webb at Woodrow Wilson 
Davison Service Drive 
at Hamilton 
Linwood at Fenkell 
Hamilton at Puritan 
Linwood at Puritan 
I 
* Serves motorists traveling in the opposite direction 
** Numbers refer to Figure 5 
TABLE 6 
TRAILBLAZER SIGN LEGEND VISIBILITY DISTANCES 
LOCATION 
MTERNOON 
Webb a t  
Woodrow Wilson 
Davison Service 
Drlvc a t  Hamilton 
Uamilton a t  
Pur i t an  
Linwood a t  
Pur i t an  
EARLY EVENING 
Webb a t  
Woodrow Wilson 
Davi8on Service 
Drive a t  Hamilton 
t rmi l ton  a t  
Pur i t an  
Linwaod a t  
Pur i t an  
Linwood a t  
Tenkell 
DATE -
TIHE LIGHT TEMPERATURE DISTANCI 
(p.m.) 1.r) (Peet)  
2:58 12.0 28 183 
3:04 13.0 28 174 
3:19 13.5 28 309 
3813 14.5 18 201 
3120 12.0 28 212 
5:15 5.0 25 1300 
5813 <5  25' 528 
5:29 <5 25 880 
5130 <5  25 500 
5233 <5  25 530 
December 15, 1969 
TIME LIGHT TEHPERATURE DISTANCI 
[p.m. I ( *PI  (Feet)  
TIME LIGHT TWPERATURG DISTIICE 
p.m.) 1.r) I F ~ ~ O  -
3135 11.5 0 0 .  
1140 14.0 I 40 
3143 13.0 8 20 
3146 14.0 W 90 
3:SO 12.0 8 0 
5102 <5  10 . 75 
5105 <5 10 150 
5111 (5 10 100 
5115 <5  10 135 
5111 (5 10 1 5  
January 21, 1970 
p o i n t  where it could be  a c c u r a t e l y  determined which of t h e  
two green neon arrows was a c t i v a t e d .  The ambient l i g h t  
f i g u r e s  g iven were ob ta ined  by a  photographic  l i g h t  meter  
wi th  t h e  f i g u r e s  i n  u n i t s  of exposure v a l u e  f o r  a  f i l m  
speed of  25 ASA. 
I n s p e c t i o n  of  t h e  v a l u e s  confirms t h a t  l e g i b i l i t y  
d i s t a n c e  was a  f u n c t i o n  of  both  ambient l i g h t  and tempera ture  
whi le  t h e  combination of b r i g h t  l i g h t i n g  and co ld  tempera- 
t u r e  r e s u l t e d  i n  very poor performance i n  s e v e r e  c a s e s .  
Thus, on t h e  c o l d e s t  day i n  c o n d i t i o n s  of s u n l i g h t  t h e  mean 
v i s i b i l i t y  d i s t a n c e  f o r  t h e  f i v e  s i g n s  was on ly  30 f e e t ,  
c e r t a i n l y  an  inadequa te  d i s t a n c e  f o r  d r i v e r  d e c i s i o n  making. 
There were a l s o  d i f f e r e n c e s  among t h e  d i f f e r e n t  s i g n s  
w i t h  l e g i b i l i t y  d i s t a n c e s  o f t e n  va ry ing  s e v e r a l  hundred 
f e e t  when o t h e r  c o n d i t i o n s  were h e l d  c o n s t a n t .  I t  i s  
apparen t ,  however, t h a t  d e s p i t e  t h e  s e v e r e  e f f e c t s  of 
tempera ture  and l i g h t i n g  c o n d i t i o n s  t h e  T r a i l b l a z e r s  were 
g e n e r a l l y  v i s i b l e  a t  adequate  d i s t a n c e s  f o r  r o u t e  d e c i s i o n s  
t o  be  made by m o t o r i s t s  d e s i r i n g  t o  fo l low t h e  s i g n  system. 
DRIVER SUBJECT RESPONSE 
S ign  s i g h t i n g  clata from t h e  d r i v e r  observance s tudy  
were o b t a i n e d  a s  shown i n  Table  7 .  A Chi-square t e s t  showed 
a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (a  = . 0 1 )  i n  t h e  r e l a t i v e  
f requency o f  s i g h t i n g  of  t h e  f i v e  s i g n s  by a t t e n t i v e  snub- 
jects. The 50% s i g h t i n g  found a t  t h e  Chicago Blank-out 
S ign  i s  t h e  prime c o n t r i b u t o r  t o  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  
of t h e  r e s u l t s .  When t h e  d a t a  from t h i s  s i g n  were e l i m i n a t e d  
and a n o t h e r  Chi-squi'lre t e s t  performed, t h e  r e s u l t s  remained 
h i g h l y  s i g n i f i c a n t .  I n  t h i s  second c a s e  i t  was t h e  poor 
s i g h t i n g  r e c o r d  of t h e  T r a i l b l a z e r  s i g n s ,  seen  l e s s  t h a n  
two t h i r d s  o f  t h e  t.ime, which c o n t r i b u t e d  t o  t h e  s i g n i f i c a n c e  
o f  t h e  r e s u l t s .  The s m a l l  d i f f e r e n c e s  among t h e  V a r i a b l e  
Message, Davison Blank-out and Ramp In fo rmat ion  s i g n s  'were 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
For  t h e  s u b j e c , t s  t e s t e d  i t  i s  concluded t h a t  t h e  
V a r i a b l e  Message Sign,  Davison Blank-out Sign and Ramp 
In fo rmat ion  S igns  were much more e a s i l y  v i s i b l e ,  ave rag ing  
a lmos t  90%, t h a n  were e i t h e r  t h e  T r a i l b l a z e r s  o r  t h e  Chicago 
Blank-out Sign.  There a r e  s e v e r a l  r e a s o n a b l e  e x p l a n a t i o n s  
f o r  t h i s .  F i r s t ,  t :hese t h r e e  s i g n  t y p e s  were much l a r g e r  
t h a n  t h e  o t h e r  two t y p e s ,  w i t h  t h e  Chicago Blank-out S ign  
being t h e  s m a l l e s t  (of t h e  f i v e  s i g n s .  Second, t h e  two most 
f r e q u e n t l y  seen  of t h e s e  t h r e e  s i g n s  were mounted over  t h e  
TABLE 7 
SUBJECTS SIGHTING DYNAMIC ROUTE GUIDANCE SIGNS 
Variable Message (Type 1) 
Davison Blank-Out (Type 2) 
Ramp Information 
Trailblazers (Type 3) 
Numbers in ( ) indicate number of subjects 
roadway and t h e  r o a d s i d e  p o s i t i o n s  of t h o s e  s i g h t e d  less 
f r e q u e n t l y  made then1 i n c r e a s i n g l y  more d i f f i c u l t  t o  s e e .  
Th i rd ,  t h e  messages i n  t h e  more f r e q u e n t l y  seen  s i g n s  were 
d i s p l a y e d  i n  r e d  neon l e t t e r s  a g a i n s t  a  da rk  green back- 
ground (a l though t h e  Ramp Informat ion  Signs can have green 
messages) i n  c o n t r a s t  t o  t h e  green neon d i r e c t i o n a l  arrows 
a g a i n s t  a  whi te  background of t h e  T r a i l b l a z e r s ;  o r  w h i t e  
message on a  b lack  background a s  used i n  t h e  Chicago Blank- 
o u t  S ign.  Four th ,  c o n t r a s t  w i t h  t h e  background r e l a t e d  t o  
t h e  complexity of  t h e  d r i v i n g  t a s k  would a l s o  e x p l a i n  t h e  
b e t t e r  s i g h t i n g  r e c o r d s  of t h e  t h r e e  most f r e q u e n t l y  seen  
s i g n  t y p e s .  
The r o u t e  s e l e c t i o n  response  of t h o s e  d r i v e r  s u b j e c t s  
who s i g h t e d  t h e  s i g n s  i s  shown i n  Table 8 .  The behavior  
of d r i v e r s  who d i d  n o t  r e p o r t  s i g h t i n g  t h e  s i g n s  has  n o t  
been cons idered  a s  i n  some c a s e s  it was p o s s i b l e  t o  coin-  
c i d e n t a l l y  t a k e  t h e  c o r r e c t  a c t i o n  wi thou t  having seen  a  s i g n .  
A Chi-square t e s t  us ing  Yates c o r r e c t i o n  showed t h a t  
t h e  d i f f e r e n c e  i n  t u r n i n g  behavior  among t h e  f i v e  types  of 
s i g n s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  .05  l e v e l .  The 
s i g n i f i c a n t l y  poorer  performance of  t h e  V a r i a b l e  Message 
Sign and t h e  Ramp Informat ion  Signs  i s  noted .  Only s l i g h t l y  
more t h a n  h a l f  of t h e  w i l l i n g  s u b j e c t s  coming t o  t h e s e  s i g n s  
made t h e  c o r r e c t  t u r n .  
TABLE 8 
CORRECT RESPONSE BY SUBJECTS SIGHTING 
ROUTE GUIDANCE SIGNS 
Davison Blank-Out (Type 2) 
Trailblazer (Type 3 )  
Chicago Blank-Out 
Variable Message (Type 1) 
Numbers in ( ) indicate number of subjects 
Although t h e  l a r g e  V a r i a b l e  Message S ign  and t h e  Ramp 
Informat ion  S igns  were more e a s i l y  seen  t h a n  t h e  o t h e r  t h r e e  
s i g n  t y p e s  t e s t e d ,  a s m a l l e r  pe rcen tage  o f  s u b j e c t s  c o r r e c t l y  
fol lowed t h e  r o u t e  i n s t r u c t i o n s .  S i n c e  t h e  s u b j e c t s  were 
i n s t r u c t e d  t o  obey a l l  t r a f f i c  s i g n s ,  it i s  concluded t h a t  
t h i s  i n c o r r e c t  behavior  was t h e  r e s u l t  of n o t  unders tanding 
t h e  s i g n  message. 
The two Blank-out Signs  and t h e  T r a i l b l a z e r  Signs  
commanded b e t t e r  r e sponse  t h a n  t h e  V a r i a b l e  Message o r  t h e  
Ramp In fo rmat ion  Sign because of t h e  r e l a t i v e  s i m p l i c i t y  
of  t h e i r  messages. These t h r e e  s i g n s  provided on ly  a  s i n g l e  
b i t  of i n f o r m a t i o n  ( e i t h e r  d e l a y  o r  no d e l a y ,  o r  s t r a i g h t  
o r  t u r n  movement). The more complex s i g n s  provided messages 
having f a r  more in fo rmat ion .  Also,  t h e  placement of  t h e  
s i g n s  w i t h  t h e  b e s t  r e sponse  was b e t t e r  wi th  r e s p e c t  t o  
d r i v e r  d e c i s i o n  and r e a c t i o n  t ime.  
A b a r  graph (F igure  1 2 )  summarizes t h e s e  r e s u l t s  (and 
d i s p l a y s  t h e  j o i n t  s i g h t i n g  and response  t o  t h e  f i v e  types  
of  s i g n s .  
Table  9 ,  e x t r a c t e d  from Table 8 ,  shows t h a t  t h e  
d i f f e r e n c e  i n  r e sponse  t o  t h e  T r a i l b l a z e r s  and t o  t h e  V a r i a b l e  
Message S ign  i s  h i g h l y  s i g n i f i c a n t .  
TABLE 9 
RESPONSE OF SUBJECTS SIGHTING TRAILBLAZER 
AND VARIABLE MESSAGE SIGNS 
T r a i l b l a z e r  (Type 3 )  
F i g u r e  1 2  summarizes t h e s e  f i n d i n g s  and shows t h e  
g r e a t  d i f f e r e n c e s  i n  bo th  s i g h t i n g  and response ,  w i t h  t h o s e  
s i g n s  most f r e q u e n t l y  seen  be ing  t h o s e  l e a s t  e f f e c t i v e  i n  
e l i c i t i n g  t h e  a p p r o p r i a t e  r e sponse  by c o o p e r a t i v e  s u b j e c t  
d r i v e r s .  These were t h e  most complex of  t h e  s i g n s ,  however, 
and it i s  b e l i e v e d  t h a t  an  o v e r a l l  e f f e c t i v e s s  exceeding 
80% f o r  f i r s t  time viewers  i s  a c h i e v a b l e  w i t h  a p p r o p r i a t e  
d e s i g n  and placement f o r  s i g n s  w i t h  s imple  messages. 
Table 10 examines t h e  behavior  of t h e  s u b j e c t s  who 
r e p o r t e d  s i g h t i n g  t h e  T r a i l b l a z e r  Signs  under v a r y i n g  day- 
l i g h t  c o n d i t i o n s .  F i s h e r ' s  Exact  t e s t  showed t h e  d i f f e r e n c e  
i n  behavior  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0 . 0 2  l e v e l .  
Thus, t h e  behavior  of  s u b j e c t s  t e s t e d  i n  sunny weather  a s  
compared t o  t h o s e  t e s t e d  i n  cloudy weather  was n o t  t h e  same. 
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FIGURE 1 2  
RELATIVE ABILITY OF SUBJECTS TO SEE AND 
CORRECTLY USE F I V E  SIGN TYPES 
TABLE 10 
RESPONSE OF SUBJECTS SIGHTING 
TRAILBLAZERS BY LIGHT CONDITIONS 
s t u d y  t h a t  showed t h e  d e c r e a s e  i n  l e g i b i l i t y  d i s t a n c e  under 
sunny c o n d i t i o n s  and consequent ly  t h e  i n a b i l i t y  of  t h e  
s u b j e c t  t o  t a k e  t h e  c o r r e c t  a c t i o n  because of  inadequatle 
d i s t a n c e  t o  respond c o r r e c t l y .  
Ana lys i s  of  d r i v e r  s u b j e c t  s i g n  s i g h t i n g  a t  each of 
t h e  s i x  T r a i l b l a z e r s  s t u d i e d  i s  shown i n  Table 11. A Chi- 
s q u a r e  t es t  was performed t o  examine t h e  s i g n i f i c a n c e  of  
t h e  d i f f e r e n c e s  i n  s i g n  s i g h t i n g  a t  t h e s e  s i x  T r a i l b l a z e r  
l o c a t i o n s .  R e s u l t s  i n d i c a t e  s i g n  l o c a t i o n  cannot  be  shown 
t o  s i g n i f i c a n t l y  a f f e c t  t h e  s i g h t i n g  o f  t h e  s i g n s .  
The Hamilton and Webb T r a i l b l a z e r  s i g n s  a r e  mounted 
d i f f e r e n t l y  t h a n  a r e  t h e  o t h e r  f o u r  s i g n s .  The s i g n s  a t  
Hamilton and Webb a r e  suspended by span w i r e  and c e n t e r e d  
o v e r  t h e  roadway w h i l e  t h e  o t h e r  f o u r  s i g n s  a r e  mounted on 
p o s t s  a t  t h e  s i d e  of t h e  road .  Thus, t h e s e  s i g n s  a r e  
exposed t o  t h e  s u n l i g h t  w i t h  no surrounding b u i l d i n g s  o r  
t r e e s  t o  p rov ide  shade .  Under t h e s e  c o n d i t i o n s ,  n o t  on ly  
a r e  t h e  g reen  arrows less d i s t i n c t  b u t  t h e r e  i s  a l s o  less 
c o n t r a s t  t o  t h e  w h i t e  s i g n  background. On ve ry  sunny days ,  
t h e r e f o r e ,  t h e  s i g n s  may be  d i f f i c u l t  t o  s e e  and almost  
c e r t a i n l y  d i f f i c u l t  t o  r e a d  and consequent ly  obey. A t en -  
dency toward s u p p o r t i n g  such a  conc lus ion  i s  noted  a l though  
t h e  r e s u l t s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
TABLE 11 
SUBJECTS SIGHTING TRAILBLAZERS 
AT EACH LOCATION 
SIGN LOCATION AND 
DIRECTION OF TRAFFIC 
Woodrow Wilson ( ~ o r t h )  
H a m i l t o n  (North) 
Oakman ( W e s t )  
Webb ( E a s t )  
Seward ( W e s t )  




7 1 %  ( 1 0 )  
43% ( 6 )  
6 4 %  ( 9 )  
6 4 %  ( 9 )  
8 6 %  ( 1 2 )  
5 7 %  ( 8 )  
NOT SIGHTING 
2 9 %  ( 4 )  
5 7 %  ( 8 )  
3 6 %  (5 )  
3 6 %  ( 5 )  
1 4 %  ( 2 )  
43% ( 6 )  
Table 1 2  shows t h e  d i f f e r e n t i a l  response t o  t h e  over- 
head and roads ide  mounting of t h e  T r a i l b l a z e r  Signs by 
those  s u b j e c t s  who s igh ted  t h e  s i g n .  F i s h e r ' s  t e s t  was 
performed t o  t e s t  t he  s i g n i f i c a n c e  of t h e  apparent  d i f : ferences .  
The d i f f e r e n t i a l  e f f e c t s  of overhead and roads ide  s i g n  
mounting on d r i v e r  behavior was highly  s i g n i f i c a n t .  
I t  was a l s o  apparent  e a r l y  i n  t h e  f i r s t  s e r i e s  of t e s t s  
t h a t  t h e  placement of t h e  l a r g e  Var iab le  Message Sign a t  
West Grand Boulevartl might a f f e c t  d r i v e r  behavior.  There 
i s  no problem w i t h  s i g n  v i s i b i l i t y  a t  t h a t  l o c a t i o n  a s  shown 
by t h e  f a c t  t h a t  a l l  b u t  one s u b j e c t  repor ted  see ing  t h e  
s i g n  (Table 7 ) .  The s ign ,  however, i s  l oca t ed  very c l o s e  
t o  Second Avenue, t he  f i r s t  i n t e r s e c t i o n  a t  which a  t u r n  
may be recommended. Therefore,  a  d r i v e r  who saw and under- 
s tood t h e  s i g n  message and who wised t o  obey it, might be 
unable t o  reach t h e  r ighthand lane  i n  time t o  t u r n  a t  Second 
o r  may be unaware t h a t  r i g h t  t u r n s  a r e  permit ted from t h e  
second l ane .  I n  a d d i t i o n ,  a  d r i v e r  unfami l ia r  w i t h  t h e  a r ea  
might no t  know t h a t  Second i s  the  f i r s t  s t r e e t  t o  t h e  r i g h t  
p a s t  t h e  s i g n .  Table 1 3  shows the  behavior of d r i v e r  sub- 
j e c t s  who saw t h e  s i g n  dur ing e i t h e r  of t h e  two s t a t e  
d i s p l a y s .  The smal l  sample d i d  no t  show a  s i g n i f i c a n t  
d i f f e r e n c e  by F i s h e r ' s  Exact t e s t ,  bu t  it i s  be l ieved  t h a t  
w i t h  a  l a r g e r  sample it would be found t h a t  d r i v e r s  would 
no t  respond t o  t h e  s i g n  and most o f t e n  when d i r e c t e d  t o  
Second Avenue because of s i g n  placement problems. 

TABLE 13 
PERCENT OF CORRIECT RESPONSE BY SUBJECTS SIGHTING 
THE VARIABLE MESSAGE SIGN FOR TWO SIGN STATES 
SIGN STATE ( P e r c e n t )  ( P e r c e n t )  
T u r n  a t  Service D r i v e  
T u r n  a t  Second A v e n u e  
TRAFFIC ROUTING AT DECISION POINTS 
A s  d e s c r i b e d  i n  Chapter  1, peak p e r i o d  t u r n i n g  
movements were counted a t  t e n  s e l e c t e d  dynamic s i g n  loca -  
t i o n s .  A t  each of t h e s e  l o c a t i o n s  t h e  dynamic s i g n  
a l t e r n a t e l y  i n d i c a t e d  one of  t h e  two d i r e c t i o n s  l e a d i n g  
t o  t h e  northbound Lodge Freeway. The o b s e r v a t i o n s  a r e  
summarized i n  Tables  G - 1  through G - 1 0  i n  Appendix G .  A l l  
s t a t i s t i c a l  a n a l y s e s  a r e  based on Chi-square cont ingency 
t a b l e  tests (a  = .001) . 
I n i t i a l l y ,  t h e  r e s u l t s  of t h e  s t u d i e s  f o r  t h e  two 
days a t  a11 of  t h e  s i tes  were aggregated  and t h e s e  r e s u l t s  
a r e  p r e s e n t e d  i n  Table 1 4 .  The usage of t h e  d i r e c t  o r  
s h o r t e s t - t i m e  r o u t e ,  t h e  r o u t e  recommended d u r i n g  off-peak 
hours ,  v e r s u s  t h e  usage of  t h e  a l t e r n a t e  r o u t e  a s  a  f u n c t i o n  
of t h e  r o u t e  recommended i n  t h e  d i s p l a y  i s  shown i n  t h e  
t a b l e .  While 50.3% of  t h e  t r a f f i c  approached t h e  s i g n  when 
i t  was recommending t h e  d i r e c t  r o u t e ,  t h e r e  was a  d i f f e r e n -  
t i a l  response  t o  t h e  two d i s p l a y s  t h a t  can be  a t t r i b u t e d  t o  
t h e  c o o p e r a t i v e  behavior  of some of  t h e s e  m o t o r i s t s .  When 
t h e  d i r e c t  r o u t e  was i n d i c a t e d ,  52 .8% of  t h e  t r a f f i c  fo l lowed 
t h e  i n d i c a t i o n ,  b u t  when t h e  a l t e r n a t e  r o u t e  was recommended, 
a n  approximate f i v e  p e r c e n t  d rop  took p l a c e  a s  on ly  47 .2% 
of  t h e  t r a f f i c  used t h e  d i r e c t  r o u t e .  A s i m i l a r ,  b u t  n o t  
a s  s t r o n g  an  e f f e c t ,  was observed f o r  a l t e r n a t e  r o u t e  u s e r s  
when t h a t  t u r n  was recommended. 
TABLE 14 
USAGE OF DIRECT AND ALTERNATE ROUTE 
I n  a n  a n a l y s i s  o f  t h e  sum o f  t h e  d i a g o n a l  e l emen t s  o f  
T a b l e  14 i t  was found t h a t  20,663 (51 .7%)  o f  t h e  m o t o r i s t s  
fo l lowed  t h e  r o u t e  t h a t  was d i s p l a y e d  as t h e y  approached 
t h e  i n t e r s e c t i o n  w h i l e  19 ,328  (48 .3%)  t u r n e d  c o n t r a r y  t o  
t h e  recommended d i s p l a y ,  a  d i f f e r e n c e  o f  675 v e h i c l e s  on t h e  
two s t u d y  days .  The somewhat l a r g e r  r e s p o n s e  t o  t h e  more 
d i r e c t  r o u t e  i n d i c a t i o n  was a g a i n  no ted .  
T a b l e  1 5  p r e s e n t s  t h e  r e s u l t s  f o r  t h e  a l m o s t  40,000 
v e h i c l e s  obse rved  i n  t h i s  s t u d y  i n  s t i l l  a n o t h e r  way. The 
d a t a  f o r  t h e  t e n  s i g n  l o c a t i o n s  have been grouped i n t o  t h e  
h e a v i e r  and l i g h t e r  t r a f f i c  movements f o r  t h e  e n t i r e  p e r i o d .  
I t  c a n  be  s e e n  t h a t  when t h e  d i s p l a y  i n d i c a t e d  t h a t  mot lor i s t s  
s h o u l d  f o l l o w  t h e  heavy f l o w  d i r e c t i o n ,  85.7% o f  them d i d  
t h i s .  When t h e  l i g h t  f low d i r e c t i o n  was i n d i c a t e d  t h e r e  was 
a  s l i g h t  r e d u c t i o n  t o  84.8%. T h i s  s m a l l  d i f f e r e n c e  i s  
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TRAFFIC RESPONSE TO DYNAMIC SIGN DISPLAYS 
INDICATED 
Table 16 shows the overall response to the recommended 
movement recorded at each of the ten locations. The most 
cooperative behavior was recorded at the West Grand 
Boulevard Variable Message Sign location, where 58.0% of 
the motorists followed the recommended route. With the 
exception of the Chicago at Hamilton and Hamilton at Davison 
Ramp Information Signs which recorded statistically signi- 
ficantly less than 50% usage (49.1% and 4 7 . 9 % ,  respectively), 
the remaining signs recorded similar responses of from 51.0% 
to 53.3% favorable to the displays, It is believed that 
the Variable Message Sign and the characteristics of the 
New Center area personnel who passed that sign explain the 
good response to it. The poor response to the Hamilton 
TABLE 16 





West Grand Boulevard 
at Second 
Second at Seward I 51.9% 
Seward at Second 
Second at Chicago I 51.0% 
Hamilton at Chicago 
Woodrow Wilson at 
Webb 
Chicago at Hamilton 
Webb at Woodrow 
Wilson 
49.1% 
Hamilton at Davison 
Service Drive 





Avenue Ramp In fo rmat ion  S ign  a t  t h e  Davison Expressway 
was c o n s i s t e n t  w i t h  t h e  poor r e sponse  t o  t h e  P r i n c i p a l  
A l t e r n a t e  Route recorded a t  t h i s  p o i n t  i n  o t h e r  s t u d i e s  
( 2 6 ) .  
Table 17 p r e s e n t s  t h e  d a t a  f o r  each of  t h e  t e n  s i g n s  
by major and minor f lows.  There was an o v e r a l l  r e d u c t i o n  
i n  t h e  pe rcen tage  us ing  t h e  major r o u t e  when t h e  minor 
r o u t e  was recommended a t  n i n e  of t h e  t e n  s i t e s .  Only a t  
S i t e  Number 15,  t h e  s i g n  d i s p l a y e d  t o  Davison S e r v i c e  Drive 
t r a f f i c  a t  Hamilton, was t h e r e  an i n c r e a s e  i n  t h e  t r a f f i c  
us ing  t h e  S e r v i c e  Drive when Hamilton was t h e  recommended 
r o u t e .  The r e s u l t s  f o r  on ly  two of t h e s e  l o c a t i o n s ,  Webb 
a t  Woodrow Wilson and Second a t  Chicago, were s t a t i s t i c a l l y  
s i g n i f i c a n t .  The r e s u l t s  a t  t h e s e  l o c a t i o n s  were h i g h l y  
s i g n i f i c a n t  w i t h  3.2% and 2 . 5 %  of a l l  t h e  t r a f f i c ,  respec-  
t i v e l y ,  changing i t s  t u r n i n g  behavior .  
A t  Second and Chicago t h e r e  i s  l i t t l e  t o  choose between 
t h e  two r o u t e s ,  c o n t i n u i n g  n o r t h  on Second t o  Webb o r  
t u r n i n g  o n t o  Chicago. Both t h e  Webb and Chicago ramps a r e  
e n t e r e d  from a  s i d e  s t r e e t  and t h e r e  i s  no cont inuous  s e r v i c e  
d r i v e  a v a i l a b l e  f o r  u s e .  The s i g n  i s  reasonab ly  w e l l -  
p o s i t i o n e d  and w i t h  lower t r a f f i c  volumes on Second Avenue 
a t  Chicago than  a t  Seward Avenue, i t  seems apparen t  t h a t  
d r i v e r s  were a b l e  t o  check which arrow of t h e  T r a i l b l a z e r  
was on and make t h e  a p p r o p r i a t e  maneuver. 
TABLE 17 
TRAFFIC RESPONSE TO DISPLAYS BY LOCATION 
. 
SIGN FACING, LOCATION 
AND NUMBER 
West Grand Boulevard 
at Second, 1 
Second at Seward, 3 
Seward at Second, 4 
Second at Chicago, 6 
Hamilton at Chicago, 7 
Chicago at Hamilton, 8 
Woodrow Wilson at 
Webb, 12 
Webb at Woodrow 
Wilson, 13 
Hamilton at Davison 
Service Drive, 14 
Davison Service Drive 






































The Webb s i g n  a t  Woodrow Wilson a l s o  showed a s i g n i -  
f i c a n t  change i n  t r a f f i c  r o u t i n g .  The reason  i s  a g a i n  
probably due t o  t h e  f a c t  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  
i n  t h e  two r o u t e s  t o  t h e  eastbound Davison Expressway, a 
l i k e l y  off-ramp f o r  much of t h e  Lodge t r a f f i c  e n t e r i n g  from 
eastbound Webb. The a l t e r n a t e  r o u t e  t o  Davison i s ,  of course ,  
nor th  a long Woodrow Wilson. I t  i s  noted t h a t  only  very  
smal l  numbers of v e h i c l e s  a r e  involved.  
The o t h e r  v a r i a t i o n s  could be e n t i r e l y  due t o  chance, 
b u t  a p p l i c a t i o n  of t h e  Binomial Sign T e s t  i n d i c a t e d  t h a t  t h e  
dec rease  recorded a t  n ine  s t a t i o n s  o u t  of t e n  was s t a t i s -  
t i c a l l y  s i g n i f i c a n t .  Hence, it can be concluded t h a t  i n  
g e n e r a l  t h e r e  i s  an o v e r a l l  e f f e c t  wi th  a magnitude probably 
n o t  exceeding t h r e e  p e r c e n t  of a l l  t r a f f i c  moving through 
t h e s e  d e c i s i o n  p o i n t s ,  keeping i n  mind t h a t  n o t  a l l  of t h e  
v e h i c l e s  on t h e s e  s t r e e t s  have t h e  Freeway a s  t h e i r  
d e s t i n a t i o n s .  
A review of t h e  r o u t e  s e l e c t i o n s  made by time of day 
was a l s o  conducted. The responses  of d r i v e r s  from 3:00 t o  
4:00 p.m., a pe r iod  of l e s s e r  conges t ion ,  were d i f f e r e n t  
from t h o s e  recorded dur ing  t h e  peak hour from 4:00  t o  5:00  
p.m. 
Thus, it was b e l i e v e d  t h a t  t h e r e  could  be  a  time-olf- 
day e f f e c t  based on t r a f f i c  volumes p a s s i n g  t h e  s i t e .  The 
t h r e e  ha l f -hour  p e r i o d s  from 3:30 t o  5:00 p.m. were s e l e c t e d  
f o r  a n a l y s i s  s o  t h a t  a n  o r thogona l  a n a l y s i s  could  be  made 
a t  n i n e  of t h e  s i tes .  The two volume d i f f e r e n c e s  had t.o 
exceed 20% t o  have t h e  s i t e  cons ide red  a s  having a d e f i n i t e  
peaking e f f e c t .  S i x  of t h e  n i n e  s i tes d i d  n o t  r e c o r d  f low 
d i f f e r e n c e s  t h i s  l a r g e ,  w h i l e  a t  t h r e e  l o c a t i o n s ,  Second a t  
bo th  Seward and Chicago and Hamilton a t  Chicago, t h e r e  was 
a  l a r g e  d i f f e r e n c e  i n  f low d u r i n g  t h e  t h r e e  p e r i o d s  a s  shown 
i n  Table  18 .  
TABLE 18 
TRAFFIC VOLUMES 






Time o f  Day 
3:30 - 4:00 p.m. 
4:00 - 4:30 p.m. 
4:30 - 5:00 p.m. 
Q 






The t ime of  day responses  a t  t h e  two types  of s i tes 
a r e  shown i n  Table 19 where t h e  p e r c e n t  of d r i v e r s  us ing  
t h e  d i r e c t  r o u t e  i s  shown f o r  t h e  t i m e s  when each of  t h e  
two r o u t e s  were recommended a t  t h e  t h r e e  peaking and s i x  
non-peaking s i t e s ,  Consider ing  f i r s t  t h e  non-peaking s i t es ,  
i t  can be seen  t h a t  t h e r e  was a d e c r e a s e  i n  use  of  t h e  
d i r e c t  r o u t e  a s  t h e  a f t e r n o o n  p rogressed ,  r e g a r d l e s s  of  t h e  
message d i s p l a y e d .  
TABLE 19 
TIME OF DAY EFFECT ON PERCENT OF 
DRIVERS U S I N G  DIRECT ROUTE 
Display  Recommending 
Display  ~ecornmending 
The s l i g h t l y  g r e a t e r  d rop  i n  t h e  p e r c e n t  us ing  t h e  d i r e c t  
r o u t e  when t h e  a l t e r n a t e  r o u t e  was recommended, 6 . 9 %  v e r s u s  
5 .8% (59.4% - 52.5%;  6 0 . 4 %  - 54.6%, r e s p e c t i v e l y )  i s  
s t a t i s t i c a L 1 y  s i g n i f i c a n t  ( a  = .001) and i n d i c a t e s  t h a t  
t h e r e  was a  g r e a t e r  r e sponse  t o  t h e  a l t e r n a t e  r o u t e  recommen- 
d a t i o n  a t  t h e s e  low and r e l a t i v e l y  c o n s t a n t  f low l o c a t i o n s  
as Freeway conges t ion  i n c r e a s e d ,  
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A t  t h e  t h r e e  s i tes  where peak f lows were much g r e a t e r  
between 4:30 and 5:00 p.m. t h a n  between 3:30 and 4:00 ]p.m. 
t h e r e  was a l s o  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  p e r c e n t  u s i n g  
t h e  d i r e c t  r o u t e  t o  t h e  Freeway a s  t h e  a f t e r n o o n  p rogr~essed ,  
r e g a r d l e s s  of t h e  s i g n  d i s p l a y .  However, t h e r e  was a :highly 
s i g n i f i c a n t  i n t e r a c t i o n  between t ime o f  day and s i g n  response  
a t  t h e s e  s i tes  and i t  i s  concluded t h a t  t h e  d i s p l a y  o f  t h e  
a l t e r n a t e  r o u t e  recommendation had a g r e a t e r  e f f e c t  when 
peak f lows e x i s t e d  t h a n  e a r l i e r  i n  t h e  a f t e r n o o n .  
F u r t h e r ,  c o n s i d e r i n g  a l l  t h e  f i g u r e s  i n  Table 19 ,  it 
can be  concluded t h a t  t h e  s m a l l  c o o p e r a t i v e  response  t o  t h e  
d i s p l a y s  was g r e a t e r  a t  t h e  low-flow si tes t h a n  a t  t h e  high- 
flow peaking s i tes .  
The V a r i a b l e  Message S ign  s t u d y  (Table  G - 1 )  used two 
a l t e r n a t e  d i s p l a y s  t o  d i r e c t  t r a f f i c  t o  t h e  Seward ramp 
by two r o u t e s .  R e s u l t s  showed t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  two d i r e c t i o n s  recommended by t h e  
s i g n  and it i s  concluded t h a t  t h e  s i g n  messages themselves 
d i d  n o t  seem t o  cause  confus ion .  
I n  summary, a s m a l l  b u t  c o n s i s t e n t  p a t t e r n  i n d i c a t i n g  
a c o o p e r a t i v e  response  t o  t h e  s i g n  d i s p l a y s  was recorded  i n  
t h e s e  s t u d i e s .  However, s i n c e  t h i s  r e sponse  was of t h e  
o r d e r  o f  on ly  a few p e r c e n t ,  it was b e l i e v e d  u n l i k e l y  t h a t  
a n e c e s s a r i l y  c rude  macroscopic s tudy  of t r a v e l  and t r a v e l  
t ime i n  t h e  Cor r idor  would be  a b l e  t o  d e t e c t  t h e  d i f f e r e n c e s  
recorded  i n  t h e  micxoscopic s t u d y .  The n e x t  s e c t i o n  of  
t h i s  c h a p t e r  reviews such a s t u d y .  
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OVERALL TRAFFIC lXESPONSE TO 
DYNAMIC ROUTING SYSTEM 
Because of t i m e  c o n s t r a i n t s ,  concern w i t h  t h e  weather  
and schedule  f a i l u r e s  o u t  o f  t h e  c o n t r o l  of  t h e  r e s e a r c h  
agency, t h e  expanded dynamic s i g n  system began o p e r a t i o n  
approximately two weeks a f t e r  t h e  i n t r o d u c t i o n  of a  new 
s t r a t e g y  of  ramp meter ing  ( 6 ) .  The new meter ing  s t r a t e g y  
o p e r a t i o n  commenced on October 31, 1969 w h i l e  t h e  new s i g n s  
were brought  i n t o  o p e r a t i o n  dur ing  t h e  week beginning 
November 10,  1969. 
I t  was b e l i e v e d  t h a t  modest responses  t o  t h e  dynamic 
r o u t e  guidance system would be  u n l i k e l y  t o  a f f e c t  ramp 
meter ing  o p e r a t i o n s  s i n c e  on ly  measured freeway parameters  
were involved i n  meter ing  parameter  de te rmina t ion .  However, 
t h e  meter ing  parameters  d i r e c t l y  a f f e c t e d  t h e  s i g n  s t a t e s  
and p o t e n t i a l  d i v e r s i o n  of  t r a f f i c .  There fo re ,  t h e  "be fo re"  
p e r i o d  o f  s tudy  was l i m i t e d  t o  t h e  week of November 3 rd .  
November 4 th ,  e l e c t i o n  day, was omi t t ed  from t h e  a n a l y s i s  
s i n c e  both  t o t a l  t r a v e l  and t o t a l  t r a v e l  time were cons ide rab ly  
l a r g e r  on t h i s  day. 
With t h e  o n s e t  of  h a r s h  weather  s h o r t l y  a f t e r  t h e  s i g n s  
became o p e r a t i o n a l  on November 1 7 t h ,  i t  was necessary  t o  
postpone t h e  " a f t e r "  s tudy  u n t i l  e a r l y  1970. C o i n c i d e n t a l l y ,  
b e f o r e  t h e  end of  1969, t h e  Edsel  Ford d e t e c t o r  s t a t i o n  was 
moved nor th  t o  West Grand Boulevard. This gave a d e f i n i t e  
improvement i n  measuring inpu t  parameters f o r  t h e  Freeway. 
For compatabi l i ty ,  t he re fo re ,  t h e  t r a v e l  and t r a v e l  time 
measurements were compared before  and a f t e r  t h e  change 
between t h e  Seward and Meyers s t a t i o n s ,  omit t ing d a t a  oibtained 
south of Seward. Data f o r  t h e  month of February 1970 were 
s tud ied  and d a t a  f o r  two days were found where t h e  metering 
s t r a t e g y  a t  each ramp was i d e n t i c a l  and where t h e r e  wer~e no 
equipment f a i l u r e s .  
The fol lowing su r f ace  s t r e e t  d e t e c t o r s  were used t o  
provide t r a f f i c  flow d a t a  on t h e  A l t e rna t e  Route Networ:k: 
1. Second near P a l l i s t e r ;  
2 .  Serv ice  Drive near  P a l l i s t e r ;  
3 .  Fenkel l  near  Twelfth; 
4 .  McNichols near Livernois ;  and 
5. Pu r i t an  near Livernois  
The Hamilton near Webb d e t e c t o r  was ope ra t iona l  dur ing t h e  
before  s tudy per iod b u t  not  af terwards  whi le  those  a t  
Hamilton near Chicago and a t  Hamilton near P u r i t a n  were 
ope ra t iona l  dur ing t h e  a f t e r  per iod b u t  not  before .  The 
d a t a  from these  d e t e c t o r s  were not  used leaving t h e  l i s t e d  
f i v e  d e t e c t o r s  a s  a d a t a  source  f o r  su r f ace  s t r e e t  volurnes 
f o r  t h e  "before"  and "a f t e r1 '  condi t ions .  Other su r f ace  
s t r e e t  volumes were obta ined by manual counting. 
The t o t a l  t r ave l  time d i f ference  between the "before" 
and the "a f t e r "  period was estimated by obtaining the pro- 
duct of average t r ave l  time and t o t a l  t r a f f i c  flow during 
the afternoon peak fo r  each l ink  f o r  both periods.  Since 
l i t t l e  t r a f f i c  or iginated on l inks  between the nodes, the 
detected t r a f f i c  volumes were used as  the source of data  f o r  
the determination of both t o t a l  t r ave l  and t o t a l  t r ave l  
time. The detected volumes were obtained from only one lane 
i n  the d i rec t ion  of flow on the l ink .  However, p r io r  
observations had been made t o  enable these volumes t o  be 
adjusted t o  represent  the t o t a l  volume i n  the  required 
d i rec t ion .  The ca l ib ra t ion  fac to r s  were d i f f e r e n t  a t  d i f f e r -  
en t  times of day usually because of var ia t ions  i n  the usage 
of the curb lane.  
To obtain t o t a l  l ink  t r a v e l  i n  vehicle miles, the  
estimated volumes were multiplied by the measured length of 
the l ink .  To obtain t o t a l  t r ave l  time, the volumes were 
multiplied by representat ive t r ave l  times on the  l ink  based 
on several  measurements by a  t e s t  car  before and a f t e r  the 
introduction of the s igns.  
Table 20  gives the t o t a l  t r ave l  and t o t a l  t r a v e l  time 
on the Freeway between t h e  Seward and Meyers detectors  f o r  
the selected "before" and " a f t e r "  days. A 1 1  t r ave l  shown 
occurred between the hours of 2:30 p.m. and 6:30 p.m. 
TABLE 20- 
FREEWAY TOTAL TRAVEL AND TOTAL TRAVEL TIME 
BEFORE AND AFTER INSTALLATION OF NEW SIGNS 
I NOVEMBER 3 1 1 1 6 . 2 2 9  I 3 , 4 9 4  














1 1 6 , 5 4 5  
1 2 1 , 5 6 4  
1 
FEBRUARY 6 
3 , 2 0 4  









2 , 9 7 5  
1 0 9  5 6 7  
MEAN 
3 , 0 9 3  
J 1 1 0 , 3 8 9  3 , 0 3 4  
There was a  s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  o f  
more than  11,000 veh ic le -mi les  from t h e  b e f o r e  p e r i o d  t o  
t h e  a f t e r  p e r i o d  and a l s o  a  f a l l  of more t h a n  330 v e h i c l e -  
hours  i n  t h e  v a l u e  of t h e  t o t a l  t r a v e l  time on t h e  Freeway. 
The s u r f a c e  s t r e e t  volumes, and average  and t o t a l  
t r a v e l  t imes  a r e  shown i n  Table 2 1  which i d e n t i f i e s  t h e s e  
v a l u e s  f o r  each l i n k  s t u d i e d .  
An examinat ion of t h e  b e f o r e  and a f t e r  v a l u e s  of 
volume and average  t r a v e l  time shows i n c r e a s e s  i n  t h e  c e n t r a l  
hours  above t h o s e  recorded i n  t h e  f i r s t  and l a s t  hours .  I n  
most i n s t a n c e s ,  t h e  t r a v e l  t i m e  i n c r e a s e d  wi th  i n c r e a s i n g  
volumes a s  would be  expec ted ,  There was g e n e r a l l y  an i n c r e a s e  
i n  t r a v e l  t ime between corresponding hour p e r i o d s  f o r  l i n k s  
i n  t h e  b e f o r e  and a f t e r  p e r i o d s .  The f o u r  p r i n c i p a l  excep- 
t i o n s  were d e c r e a s e s  i n  t r a v e l  t imes  b u t  n o t  t r a f f i c  volumes 
f o r  t h e  fo l lowing l i n k s :  
18-19 Oakman from Hamilton t o  12 th ;  
21-23 F e n k e l l  from Linwood t o  L i v e r n o i s ;  
23-25 Fenke l l  from Liverno i s  t o  Wyoming; and 
27-32 Hamilton and McNichols from Oakman t o  Couzens Drive.  
The r e d u c t i o n s  i n  t r a v e l  times a r e  probably due t o  improved 
pa rk ing  enforcement  o r  b e t t e r  s i g n a l  t imings  r e q u e s t e d  from 
t h e  C i t y ,  b u t  a r e  n o t  l i k e l y  t o  be  caused by t h e  o p e r a t i o n  
SURFACE VOLUMES AND AVERAGE 
AND TOTAL TRAWL TIMES 
q (vehicles)  ' 
q (vehicles)  ' 
5-8 . After 
8-11 After 
q = surface  s t r e e t  volumes 
= average t r ave l  times on l i n k  
T = (q) (5) = to ta , l  t r ave l  time 
TABLE 21 
(CONTINUED)  
q ( v e h i c l e s )  
11-15 Before  (minu tes )  
T (minu tes )  
11-15 . A f t e r  
T (minu tes )  
T (minu tes )  
q ( v e h i c l e s )  
15-18 A f t e r  
T (minu tes )  
18-19 A f t e r  
'TABLE 21 
(CONTINUED) 












q (vehicles) - 
t (minutes ) 
T (minu,tes) 
q (vehicles) - 
t (minutes#) 
T (minutes) 




of the system. On the other hand, there were variations 
in the measurement of both the before and after travel 
times. Since a reduction of a link's travel time from the 
before period to the after period appeared to increase the 
effectiveness of the sign, the conservative assumption is 
made by eliminating these values from the travel time 
summation. When this is done, the before and after traffic 
volumes appear to be quite consistent. 
There is a conservative increase of about 100 vehicle- 
hours of total travel time for the measured links between 
the before and after periods. The principal links likely 
to be carrying diverted traffic and for which data was not 
obtained were 
1-4, 4-7 and 7-11 on Second and Webb; 
1-19, 19-21 and 21-23 on Oakman, 12th and 
Fenkell to Livernois; 
18-27 and 27-32 on Hamilton and McNichols; and 
25-31 and 31-32 on Couzens Drive 
together with the ramp connections. It is also estimated 
that the extra surface street vehicle-hours were less than 
200 vehicle-hours. 
It is concluded that since about 300 vehicle-hours per 
day were removed from the Freeway there was a small savings 




INTERPRETATION AND APPRAISAL OF RESEARCH FINDINGS 
I n  t h i s  s t u d y ,  a se t  of  19 dynamic s i g n s  c o n t r o l l e d  
by a d i g i t a l  computer and des igned  t o  recommend dynamical ly 
t h e  minimum t r a v e l - t i m e  r o u t e  f o r  northbound John C .  Lodge 
Freeway Cor r idor  t r a f f i c  was planned,  des igned,  i n s t a l l e d ,  
o p e r a t e d  and e v a l u a t e d .  The e v a l u a t i o n  was d i r e c t e d  toward 
t h e  d e t e r m i n a t i o n  of  t h e  s i g n s '  performance i n  d i v e r t i n g  
t r a f f i c  t o  one of  a  series o f  a l t e r n a t e  r o u t e s .  This  
dynamic r o u t e  guidance system o p e r a t e d  i n  c l o s e  con junc t ion  
w i t h  a n  e n t r a n c e  ramp mete r ing  system. 
During t h e  e n t i r e  s t u d y ,  ramp s i g n a l s  were u t i l i z e d  
t o  r e s t r i c t  t h e  r a t e  of  v e h i c l e  e n t r y  t o  t h e  Freeway s o  
t h a t  t h e  t r a f f i c  demand a t  a  b o t t l e n e c k  would n o t  exceed 
t h e  c a p a c i t y  of  t h a t  b o t t l e n e c k .  Queuing should  n o t  have 
occur red  on t h e  Freeway, b u t  on ly  behind t h e  ramp s i g n a l s .  
When t h e r e  was a  long ramp queue it was b e l i e v e d  t h a t  use  
of  a  p a r a l l e l  s u r f a c e  s t r e e t  r o u t e  and a downstream e n t r y  
p o i n t  t o  t h e  Freeway would r e s u l t  i n  a  lower t r a v e l  t ime 
f o r  t h e  m o t o r i s t  who d i v e r t e d .  Appropr ia te ly  p laced  guide  
s i g n s  d i r e c t i n g  m o t o r i s t s  t o  and a long  such a n  a l t e r n a t e  
r o u t e  cou ld  reduce  t h e  demand f o r  a  ramp s o  t h a t  t h e  queue 
would n o t  c o n t i n u e  t o  i n c r e a s e .  The i d e a l  r e s u l t  o f  t h i s  
s tudy was envisaged a s  a  s t a t e  of equ i l ib r ium i n  which t h e  
q u i c k e s t  r o u t e  t o  a  downstream p o i n t  on t h e  Freeway beyond 
Wyoming Road a l t e r n a t e d  between d i r e c t  Freeway access  a t  
t h e  normal p o i n t  of approach and a  s u r f a c e  s t r e e t  a l t e r n a t e  
r o u t e .  
The a b i l i t y  t o  o b t a i n  t h e  d e s i r e d  r o u t i n g  response  t o  
t h e  dynamic system was n o t  considered necessary f o r  t h e  
s u c c e s s f u l  opera t ion  of t h e  system o r  even d e s i r a b l e ,  because 
of t h e  p o s s i b i l i t y  of t h e  i n t r o d u c t i o n  of  su rges  of t r a f f i c  
r e s u l t i n g  i n  u n s t a b l e  o s c i l l a t i o n s  i n  usage and a  breakdown 
i n  s t r e e t  s e r v i c e  a t  t h e  a s s o c i a t e d  h igher  d e n s i t i e s .  I n  
t h e  event  of ramp conges t ion ,  i f  a s u f f i c i e n t  number of 
m o t o r i s t s  could be d i v e r t e d  t o  prevent  a  long queue, then  
a  s e t  of informat ion  s i g n s  would be a b l e  t o  achieve  t h e  goa l  
of a  s t a t e  of equ i l ib r ium between s u r f a c e  s t r e e t  and freeway 
t r a v e l  t imes .  I t  was hoped t h a t  t h e  complete set  of s i g n s  
would be seen by almost a l l  approaching m o t o r i s t s  and t h a t  
t h e r e  would be s u f f i c i e n t  response  t o  c r e a t e  such an 
equ i l ib r ium.  
The complete s e t  of s i g n s  i n  t h e  Lodge Freeway Corr idor  
was e r e c t e d  i n  two s t a g e s .  A s e p a r a t e  r e p o r t  d e t a i l s  t h e  
des ign  and r e s u l t s  ob ta ined  on t h e  e i g h t  Ramp Information 
Signs ( 2 6 )  . I n  t h a t  s tudy it was found t h a t  un less  t h e  
s u r f a c e  s t r e e t  a l t e r n a t e  r o u t e  was a c t u a l l y  t h e  s e r v i c e  
d r i v e ,  t h e  pe rcen tage  of  m o t o r i s t s  pass ing  a s i g n  and 
e n t e r i n g  t h e  corresponding ramp was q u i t e  smal l .  This  
meant t h a t  even i f  most m o t o r i s t s  obeyed t h e  s i g n ,  t h e r e  
would be  on ly  a  smal l  r e d u c t i o n  i n  t h e  t r a f f i c  demand a t  
a  congested ramp. I n  a l l  l i k e l i h o o d ,  t h e  ramp queue and 
r e s u l t a n t  de lay  would con t inue  t o  i n c r e a s e .  
A s  d e s c r i b e d  i n  Chapter One, t h e  a d d i t i o n a l  s i g n s  were 
i n s t a l l e d  i n  o r d e r  t o  p rov ide  guidance t o  m o t o r i s t s  t r a v e l i n g  
on a l l  l o g i c a l  p a t h s  t o  t h e  Lodge Freeway. With a lmost  a l l  
approaching m o t o r i s t s  g iven an oppor tun i ty  t o  d i v e r t  by 
obeying s i g n  messages, t h e  degree  of obedience r e q u i r e d  t o  
reduce  ramp queues was much s m a l l e r .  I n  f a c t ,  one could  
v i s u a l i z e  q u i t e  a  r a p i d  c y c l e  of  a  queue bui ld-up,  s i g n  
messages d i r e c t i n g  m o t o r i s t s  away from t h e  congested ramp, 
a  r e d u c t i o n  i n  queue l e n g t h ,  s i g n  messages guiding m o t o r i s t s  
d i r e c t l y  t o  t h e  Freeway and f i n a l l y ,  ano the r  queue build-up.  
The response  t ime t o  a  queue build-up could  be s e t  a t  any 
d e s i r e d  l e n g t h ,  t h u s  i n c r e a s i n g  o r  d e c r e a s i n g  s t o r e d  demand 
a s  Cor r idor  c o n d i t i o n s  d i c t a t e d .  
An example of t h e  importance of p rov id ing  information 
t o  m o t o r i s t s  approaching t h e  Freeway from s e v e r a l  r o u t e s  
cou ld  be  exempl i f ied  by t h e  s i t u a t i o n s  o c c u r r i n g  a t  t h e  
Davison-Lodge In te rchange  a r e a .  If 7 . 6 %  of t h e  Davison ramp 
t r a f f i c  came from t h e  a l t e r n a t e  r o u t e  on Hamilton, (F igure  
2), 50% obedience t o  t h e  s i g n  would have reduced t h e  demand 
f o r  Davisan by only  3.8%. If informat ion  i s  g iven t o  an  
a d d i t i o n a l  50% of t h e  Davison ramp demand which came from 
t h e  Davison Expressway and an a d d i t i o n a l  30% from t h e  
Davison S e r v i c e  Drive,  50% obedience t o  a l l  t h r e e  s i g n s  
would have reduced t h e  demand f o r  t h e  Davison ramp by a s  
much a s  43.8%. This  degree  of  obedience would c e r t a i n l y  
have been enough t o  guaran tee  t h a t  t h e  Davison ramp queue 
would n o t  con t inue  t o  i n c r e a s e .  I t  should be  noted t h a t  
approximately 1 2 . 4 %  of t h e  t r a f f i c  approached Davison from 
southbound Hamilton, 
S ince  monetary and t ime c o n s t r a i n t s  made it imposs ib le  
t o  i n s t a l l  a dynamic s i g n  f o r  every approach t o  a Lodge 
Freeway ramp, t h e  g e n e r a l  p r i n c i p l e  fol lowed i n  t h i s  s tudy 
was t o  p l a c e  s i g n s  on t h e  p a r a l l e l  northbound a l t e r n a t e  
r o u t e s  and on t h e  c r o s s  s t r e e t s  l e a d i n g  d i r e c t l y  t o  e n t r a n c e  
ramps a t  t h e i r  i n t e r s e c t i o n s  wi th  t h e  a l t e r n a t e  r o u t e s .  The 
p a r a l l e l  a l t e r n a t e  r o u t e s  s e l e c t e d  were r e s t r i c t e d  t o  t h o s e  
roads  capable  o f  c a r r y i n g  a cons ide rab le  i n c r e a s e  i n  peak- 
p e r i o d  t r a f f i c  volumes a t  e x i s t i n g  l e v e l s  of  s e r v i c e .  While 
t h e  f u n c t i o n  of t h e  dynamic s i g n s  was t o  d i r e c t  m o t o r i s t s  
t o  a p a r a l l e l  s u r f a c e  s t r e e t  r o u t e  t o  t h e  Freeway, it was 
f u r t h e r  be l i eved  t h a t  t h e  s e l e c t e d  p a r a l l e l  r o u t e  would a l s o  
be t h e  q u i c k e s t  f o r  t h e  m o t o r i s t  a t  t h a t  t ime.  Thus, t h e  
s i g n s  were des igned t o  i n d i c a t e  t o  m o t o r i s t s  t h e  q u i c k e s t  
r o u t e ,  whi le  a t  any time conges t ion  on o t h e r  a p p r o p r i a t e  
routes could be general o r  l o c a l  and temporarily i l l - s u i t e d  
f o r  diversion. For example, i l l e g a l  parking could have 
caused the e f fec t ive  loss  of a  whole t r a f f i c  lane i n  a  l i n k  
o r ,  a l t e rna t ive ly ,  a  pa r t i cu la r  in tersec t ion  could be 
oversaturated.  A good example of general congestion would 
have been peak period conditions on Fenkell Avenue which 
i s  l ined w i t h  small businesses, thus inv i t ing  stoppages. The 
West Grand Boulevard Service Drive in tersec t ion  i s  £re- 
quently a  source of loca l  congestion and i s  a prime example 
of in te r sec t iona l  oversaturat ion.  
SIGN DESIGN AND PLACEMENT 
The e v a l u a t i v e  f i n d i n g s  po in ted  t o  weaknesses i n  both  
t h e  des ign  and placement of t h e  s i g n s .  The C i t y  of D e t r o i t  
P u b l i c  L i g h t i n g  Commission i n d i c a t e d  a t  a  l a t e  d a t e  t h a t  
t h e  s i g n s  had t o  be  c l e a r  o f  t r a f f i c  l a n e s  s o  t h a t  they  
p resen ted  no hazard t o  t r a f f i c  a s  w e l l  a s  h igh  enough t o  
minimize t h e  p r o b a b i l i t y  of  a  problem w i t h  t h e  h igh  v o l t a g e s  
i n  t h e  neon gas  c i r c u i t s .  I t  i s  b e l i e v e d  t h a t  t h e  17 f o o t  
h e i g h t  a t  which most of t h e  T r a i l b l a z e r  s i g n s  were p laced  
above t h e  s idewalk o r  roadway was t o o  h igh  and i n c r e a s e d  
t h e  problem of viewing t h e  dynamic d i s p l a y .  A t  t h a t  h e i g h t ,  
t h e  s i g n s  were in te rming led  among t h e  a d v e r t i s i n g  s i g n s  
p laced  on b u i l d i n g s  a b u t t i n g  t h e  road o r  blended w i t h  o t h e r  
types  of  background ( t r e e s ,  e t c . ) .  This  he lped account  f o r  
t h e  f a c t  t h a t  many of t h e  T r a i l b l a z e r s  were n o t  s i g h t e d  by 
c o o p e r a t i v e  s u b j e c t  d r i v e r s .  
A g r e a t e r  hazard i s  p r e s e n t e d  by suspended e l e c t r i c a l  
t r a f f i c  s i g n s  than  by p a i n t e d  s i g n s  such t h o s e  commonly 
used f o r  c e n t e r - l a n e  c o n t r o l .  This  requi rement  makes t h e  
use  of T r a i l b l a z e r s  over  t h e  roadway of d o u b t f u l  va lue  
because of t h e  l a r g e r  suppor t ing  s t r u c t u r e  and s i g n  r e q u i r e d  
i f  t h e  s i g n  i s  t o  have s u f f i c i e n t  impact.  S igns  d i r e c t l y  
a t t a c h e d  t o  p o l e s  a t  t h e  s i d e  of t h e  road may be  l e s s  
expens ive  and y e t  j u s t  a s  e f f e c t i v e .  
Even f o r  t h e  m o t o r i s t  f a m i l i a r  w i t h  t h e  Lodge Freeway 
C o r r i d o r ,  t h e r e  was a fundamental d i f f i c u l t y  i n  t h e  s i g n  
a s  t h e  g r e e n  neon arrows tend t o  " fade"  and become a lmost  
i n v i s i b l e  i n  c o l d  weather  and b r i g h t  s u n l i g h t .  A s l i g h ~ t  
tendency f o r  g reen  t o  f a d e  could  be  t o l e r a t e d ,  e s p e c i a l l y  
when t h e  advantages  of  a f a m i l i a r ,  p o s i t i v e  command a r e  
weighed a g a i n s t  t h e  use  of any o t h e r  c o l o r .  The extreme 
f a d i n g  found i n  t h i s  s t u d y ,  however, confirms t h e  inadequacy 
of  t h i s  t y p e  of  d i s p l a y  i n  t h e  c e n t r a l  American environment.  
The above d i s c u s s i o n  has  been mainly concerned wi th  
t h e  weaknesses of  t h e  T r a i l b l a z e r  s i g n s  which i n  r e a l i t y  
c a r r y  on ly  a ve ry  s imple  message. I n  c o n t r a s t ,  t h e  V a r i a b l e  
Message s i g n  used s t a n d a r d  w h i t e  l e t t e r i n g  on a g reen  
background and r e d  neon messages. The r e d  neon showed no 
tendency t o  fade .  This  s i g n  a l s o  used a green arrow to1 
complement t h e  r e d  message and t h u s  minimized t h e  n e g a t i v e  
conno ta t ion  of r e d .  S t u d i e s  a l s o  c a s t  doubt  on whether  o r  
n o t  a l l  seven messages d i s p l a y e d  on t h e  V a r i a b l e  Message 
S ign  were necessa ry .  A proper ly-des igned T r a i l b l a z e r  could  
have been e q u a l l y  s a t i s f a c t o r y .  The reasons  f o r  d e f i n i n g  
t h e  seven d i f f e r e n t  :messages were g iven  i n  Chapter  One, 
b u t  as a t r a d e - o f f ,  t h e  necessary  s i g n  was l a r g e  i n  s i z e  t o  
accommodate a l l  of t h e  messages. S t u d i e s  showed t h a t  i t  
was unnecessary t o  a c c e p t  t h e  t r a d e - o f f .  The s i g n  i n s t a l l e d  
was r e l a t i v e l y  expensive  t o  c o n s t r u c t ,  i n s t a l l  and o p e r a t e .  
I n  t h e  d r i v e r  behavior  s tudy  of  t h e  V a r i a b l e  Message 
S ign ,  on ly  seven  o u t  of  1 3  u n f a m i l i a r  coope ra t ing  d r i v e r  
s u b j e c t s  c o r r e c t l y  r e a d  it and c a r r i e d  o u t  t h e  a p p r o p r i a t e  
maneuver. Of t h e  o t h e r  t y p e s  of s i g n s ,  on ly  t h e  somewhat 
compl ica ted  Ramp Informat ion  S igns  had such poor obedience .  
To tes t  i n d i v i d u a l  messages on t h i s  s i g n  it would have been 
necessary  t o  e v a l u a t e ,  f o r  t h e i r  r o u t e  t o  t h e  Freeway, a  
sample of m o t o r i s t s  p a s s i n g  t h e  s i g n  a l lowing  f o r  t h e  f a c t  
t h a t  many p a s s i n g  m o t o r i s t s  have no i n t e n t i o n  of  u s ing  t h e  
Freeway. 
There were two Blank-out S igns  a l s o  des igned  and 
i n s t a l l e d  t o  d i v e r t  t r a f f i c  approaching t h e  Lodge Freeway. 
The s i g n  on t h e  Davison Expressway appeared t o  be  well 
des igned .  S ince  d i v e r s i o n  t a k e s  p l a c e  a t  t h e  Freeway ramp 
e n t r a n c e ,  some e x p l a n a t i o n  f o r  t h e  d i v e r s i o n  appeared t o  be  
neces sa ry .  A T r a i l b l a z e r  s i g n  would s imply have r e a d  
"LODGE FREEWAY NORTH" w i t h  an i l l u m i n a t e d  arrow,  and y e t  it 
would have been r e q u i r e d  t o  d i r e c t  m o t o r i s t s  away from t h e  
Freeway. Thus, i n  t h i s  a p p l i c a t i o n ,  a  T r a i l b l a z e r  t y p e  
s i g n  would have been confus ing .  The message g i v i n g  t h e  
e x p l a n a t i o n  f o r  d i v e r s i o n  was i n  r e d  neon and t h e  remainder  
of  t h e  s i g n  used s t a n d a r d  w h i t e  arrows and l e t t e r i n g  on a 
g reen  background. The second Blank-out s i g n  was a t  Chicago 
and was s e e n  by fewer  t e s t  s u b j e c t s  t h a n  any o f  t h e  o t h e r  
f o u r  s i g n  t y p e s .  This  was d i r e c t l y  a t t r i b u t a b l e  t o  i t s  
s i z e  and placement  r e l a t i v e  t o  t h e  d r i v e r  and h i s  t a s k  a t  
t h a t  t i m e .  
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In addition to the design and placement problems, 
disobedience could have been caused by problems enumerated 
in the earlier report on the Ramp Information Signs (26) . 
These included failure on the part of the driver to see 
the signs, inability to react in time to the message, un- 
familiarity with the Corridor, doubt about travel time 
savings, disbelief in the sign messages and the environment 
of the surface streets. All these factors could have been 
valid in this investigation, and in particular, motorists 
doubts on travel time savings and disbelief of sign messages. 
In the study of overall effectiveness, it was found that, 
due generally to communication problems with lines leased 
from the Michigan Bell Telephone Company, detector operations 
could be erratic. This resulted in the signs sometimes 
showing incorrect messages based on a lack of accurate flow 
information. Under these circumstances, a motorist diverted 
in error to a congested link may have lost confidence in 
the ability of the signs to show the correct paths. 
GENERAL CONSIDERATIONS 
Some important items should be considered before a 
permanent system of information signs is placed in any 
other corridor. 
1. The signs should be carefully placed so as not 
to compete with other signs and environmental 
features and at a minimum feasible height above 
ground level, preferably at the side of a road 
rather than over it. 
2. Trailblazer signs with the simplest possible 
message rather than a Variable Message sign 
should be used unless an explanation for 
diversion or more details are absolutely 
necessary. This would also be the case at a 
ramp entrance where some form of Blank-out sign 
might be required. These should also carry 
the simplest possible message. 
3. The ramp queue lengths necessary to change sign 
states should be carefully evaluated with 
allowances made in the event of an accident or 
other incident occurring on the downstream 
section of the Freeway. 
4 .  More than one a l t e r n a t e  r o u t e  should no t  be 
a v a i l a b l e  t o  mo to r i s t s  un less  t h e  d e t e c t i o n  
system i s  adequate and r e l i a b l e  and then 
only i f  access  is  a v a i l a b l e  from both s i d e s  
of t h e  Freeway. 
5. I f  it i s  decided t o  d i v e r t  t r a f f i c  before  
reaching t h e  ramp en t rances ,  then an  a l t e r n a t e  
r o u t e  i s  requi red  on each s i d e  of t he  Freeway. 
I t  i s  d i f f i c u l t  t o  make a  d e f i n i t e  s ta tement  from t h e  
r e s u l t s  of t h i s  study on whether o r  no t  d ive r s ion  before  
o r  a f t e r  reaching a  freeway s e r v i c e  d r i v e  i s  des i r ab l e , ,  
This i s  because of t h e  complexity of t he  Lodge Freeway 
Corr idor .  I t  would appear ,  however, t h a t  i f  a  freeway had 
a f a i r l y  s t r a i g h t  al ignment,  t h e  des igna t ion  of only one 
a l t e r n a t e  r o u t e  wou1.d be p r e f e r r a b l e  thus  reducing t h e  
number of s igns  and t h e  c o s t s .  T h i s  would n e c e s s i t a t e  t h a t  
c r o s s - s t r e e t  t r a f f i c  from one s i d e  of a  freeway be d i v e r t e d  
t o  t h e  o t h e r  s i d e .  
Signs t o  do t h i s  might have t o  be l a r g e r  than simple 
T r a i l b l a z e r s .  Also,  an a l t e r n a t e  r o u t e  of s u f f i c i e n t  capac i ty  
would have t o  be a v a i l a b l e  t o  handle d ive r s ion  from boith 
s i d e s  of a  freeway. 
FIELD STUDIES 
The t e s t s  used t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of  t h e  
s i g n s  should a l s o  be a l t e r e d .  I f  p o s s i b l e ,  a  q u e s t i o n n a i r e  
should be d i s t r i b u t e d  a t  t h e  ramps t o  determine t h e  per-  
centage of m o t o r i s t s  pass ing  cho ice  p o i n t s .  Th i s ,  o r  a  
l i c e n s e  p l a t e  s tudy f o r  t h e  same purpose, could be c a r r i e d  
o u t  be fo re  any s i g n s  were e r e c t e d .  A l t e r n a t i v e l y ,  i f  t h i s  
e v a l u a t i o n  took p l a c e  a f t e r  t h e  s i g n s  were i n  o p e r a t i o n ,  
then m o t o r i s t s  should be asked whether they saw o r  used t h e  
s i g n s .  The t r a f f i c  r o u t i n g  s t u d i e s  should be used only 
when i t  i s  known t h a t  a  cons ide rab le  percentage  of t r a f f i c  
i n t e n d s  t o  e n t e r  t h e  freeway. Extensive a e r i a l  photography 
should form t h e  b a s i s  of an o v e r a l l  e v a l u a t i o n  and be 
supported by adequate funds s p e n t  f o r  moving v e h i c l e  s t u d i e s  
of t r a v e l  t ime and t r a f f i c  volume counts .  
DRIVER RESPONSE 
It is recognized that there were many problems with 
the design and operation of this experimental system as 
well as the environment in which it was placed and the lack 
of a major sustained effort to obtain public acceptance 
of the concept. A part of the study still under way will 
ultimately report on the effectiveness after a one year 
period of operation based on a questionnaire study. 
Despite these problems it is believed that the study 
has shown no strong latent desire on the part of these 
motorists to make use of a dynamic route guidance system. 
It is believed that the favorable responses obtained from 
motorists in hypothetical and questionnaire studies will 
only be achieved with strenuous efforts, not as a natural 
response to a well-designed system. Achievement of 
levels of diversion in the 25% to 40% range is believed 
to be virtually unattainable. 

CHAPTER FOUR 
CONCLUSIONS AND SUGGESTED RESEARCH 
A Freeway Corridor dynamic routing information and 
control system was designed, installed and evaluated for 
its ability to divert traffic from congested freeway ramp 
entrances and to some extent from congested surface 
streets. 
It is concluded that this major effort resulted in 
a response from less than three percent of the affected 
motorists and that the most favorable response was on the 
order of eight percent. The effects of the displays 
were greater during peak periods on those routes with a 
marked peak period traffic increase. Overall savings 
were not detectable at the network level. 
Defects were found in sign design, materials, and 
placement which somewhat impaired their ability to divert 
traffic. These factors often made it quite difficult for 
motorists to see the signs. The studies indicated that 
if the signs had been more visible and legible there would 
have been little problem understanding their message. 
The algorithm for the control of the signs should be 
reviewed, as an improvement may induce more motorists to 
follow the signs. Travel time estimates were made for 
the alternative paths from each sign. However, this was 
not necessarily based on accurate information. Freeway 
detectors in one position were used to estimate Freeway 
travel time for a whole section of Freeway. Moreover, the 
queue detectors did not measure queue length and, in any 
case, the metering rate was not easily predictable so 
that queue travel time could only be roughly estimated. 
The possible metering rates could be reduced to perhaps 
only two, minimum and maximum, and used to try to maintain 
Freeway capacity but without queueing. Then if the ramp 
detectors could be modified to monitor queue length, a 
much more accurate travel time estimate could be made. 
Sign states could then be based on the critical queue 
length. The only problem would be whether any strategy 
change should be made immediately after an accident or 
other incident is detected on the Freeway. 
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APPENDIX A 
TECHNICAL EVALUATION OF VARIABLE 
SIGNS AND SIGN MANUFACTURERS 
An e x t e n s i v e  survey of l i t e r a t u r e  and manufacturers  
was conducted t o  i n v e s t i g a t e  t h e  a v a i l a b i l i t y  of  v a r i a b l e  
message s i g n s .  A f t e r  t h e  i n i t i a l  i n v e s t i g a t i o n ,  i n t e r e s t  
was c e n t e r e d  on t h e  c a p a b i l i t i e s  of  t h e  t h r e e  manufacturers  
who marketed t h e  most promising s i g n s  f o r  urban freeway 
usage--Winko-Matic S i g n a l  Company, Ferrant i -Packard  Limited,  
and Csnrac Corporati.on. A l l  t h r e e  manufacturers  employ a 
b a s i c  d o t  m a t r i x  module t o  c r e a t e  alphanumeric c h a r a c t e r s  
f i v e  d o t s  wide and seven d o t s  high.  Charac te r s  up t o  twelve 
inches  i n  h e i g h t  a r e  p o s s i b l e  w i t h  t h i s  p rocess  ( 1 4 ,  3 2 ) .  
The d o t s  on Winko-Matic and Conrac s i g n s  a r e  incandescen t  
lamp bu lbs .  The r a t , i n g  o f  t h e  bu lbs  u t i l i z e d  i n  t h e s e  s i g n s  
i s  u s u a l l y  less than. t h i r t y  w a t t s .  I n  most i n s t a n c e s ,  
however, they  a r e  n o t  used t o  t h e i r  f u l l  c a p a b i l i t i e s  i n  
o r d e r  t o  y i e l d  improved l i f e  spans  of up t o  10,000 o p e r a t i n g  
hours.  The bu lbs  may be c o n t r o l l e d  t o  o p e r a t e  a t  two 
d i f f e r e n t  r a t i n g s ,  one f o r  day c o n t r a s t  and a lower one f o r  
a p p r o p r i a t e  n i g h t  c o n t r a s t .  A bulb  m a t r i x  s i g n  exceeding 
t e n  k i l o w a t t s  of e l e c t r i c a l  power f o r  a g iven  message can 
e a s i l y  be  manufactured, 
I n s t e a d  of bu lbs ,  Ferrant i -Packard  uses  a p r o p r i e t a r y  
e lec t ro-mechanica l  d e v i c e  t o  make up a m a t r i x  of d o t s .  A 
t h i n  d i s c  i s  background colored  on one s i d e  and whi te  on 
t h e  o t h e r  s i d e .  Power i s  r e q u i r e d  only  when c h a r a c t e r s  a r e  
changed by a magnetic technique .  The average power con- 
sumption depends on how f r e q u e n t l y  messages a r e  changed, 
and u s u a l l y  approximates 200  w a t t s  o r  l e s s .  
A f l u o r e s c e n t  l i g h t  can be provided a t  t h e  bottom and 
f r o n t  of t h e  s i g n s  when ambient l i g h t  i s  i n s u f f i c i e n t  f o r  
proper  v i s i b l i t y .  
For a l l  t h r e e  manufacturers ,  t h e  bu lbs  o r  d i s c s  a r e  
on-off b i n a r y  dev ices  r e q u i r i n g  power t o  a c t u a t e  them. Power 
must be  c o n t r o l l e d  s o  a s  t o  a c t u a t e  t h e  c o r r e c t  s e t  of  d o t s  
(bulbs  o r  d i s c s )  f o r  t h e  g iven  message t h a t  i s  t o  be  d i s -  
played on a s ign .  For a l l  t h r e e  s i g n  t y p e s ,  c o n t r o l l e d  
power i s  provided by d i g i t a l  l o g i c  c i r c u i t s  which g a t e  6 0  
h e r t z  a l t e r n a t i n g  e l e c t r i c  c u r r e n t  through t h y r i s t o r s .  These 
th ree - t e rmina l ,  s o l i d - s t a t e  dev ices  combine t h e  f u n c t i o n s  
of  a r e c t i f i e r  and an  e l e c t r o n i c  swi tch ,  performing s i m i l a r l y  
t o  t h y r a t r o n s .  
Contro l  complexity and communication channel  c a p a c i t y  
depend on t h e  number of  d i f f e r e n t  messages t o  be d i s p l a y e d  
and t h e  r a p i d i t y  w i t h  which they must be  changed. S ince  t h e  
cho ice  of a s u i t a b l e  message i s  a p a r t  of t h e  p r o j e c t  
experiment, infinite message capability initially appeared 
to be desirable. A fixed set of eight, ten, or twelve 
messages, however, yields a more simple sign system at less 
cost. On a short term, cost-effectiveness basis, the fixed 
message signs were found to be better for this project by 
a factor varying from 3:l to 25:l. 
A fixed message is achieved by a block rather than a 
matrix display of characters. The signs consist of cutouts 
in opaque material so that back lighting displays the 
characters. The cost differential between matrix and block 
signs is due largely to the much more sophisticated controls 
required for matrix signs. The communications costs are 
currently about the same for either block or matrix sigins. 
However, as traffic control networks become larger and Inore 
complex, and as solid-state electronics continue to become 
less expensive and more versatile in application, it is 
reasonable to expect that control and communication costs 
will become more favorable to matrix type signs. 
All three of the manufacturers surveyed in detail are 
prepared to produce fixed message signs. Winko-Matic, 
however, is about two years away from producing infinite 
message signs. Before actual writing of specifications 
for the required signs was undertaken, it was felt advis- 
able to thoroughly study the capabilities of the possible 
suppliers. A summary for each manufacturer follows: 
Winko-Matic 
The d e s i g n  and manufactur ing  c a p a b i l i t y  of  Winko-Matic 
i s  concen t ra ted  on highway t r a f f i c  s i g n s .  They can produce 
v a r i a b l e  message s i g n s  of any d e s i r e d  size i n  f i x e d  message 
sets up t o  e i g h t  o r  twelve messages. I t  i s  b e l i e v e d  t h a t  
Winko-Matic i s  abou t  two y e a r s  away Prom produc t ion  of 
i n f i n i t e  message s i g n s .  Fixed messages pe rmi t  f i x e d  w i r i n g  
of  p r i n t e d  c i r c u i t  boards  such t h a t  on ly  one o r  two t h y r i s t o r s  
pe r  message c h a r a c t e r  a r e  r e q u i r e d  f o r  power c o n t r o l .  This  
f i x e d  l o g i c  a l s o  s i m p l i f i e s  communication channel  r e q u i r e -  
ments and message s e l e c t i o n  a t  a  c o n t r o l  c e n t e r .  The f o u r  
b i t  code of a  number i s  modulated on a tone  c a r r i e r  frequency 
f o r  t r a n s m i s s i o n  over  a  t e l e t y p e ,  o r  t e l ephone  wire p a i r ,  
a t  a  r a t e  of f i v e  b i t s  p e r  second,  f o r  a  o n e - l i n e  s i g n .  (The 
e x t r a  b i t  i s  a v a i l a b l e  f o r  o t h e r  purposes such a s  f l a s h i n g  
a message.) Blank p r i n t e d  c i r c u i t  boards may be  purchased 
by t h e  u s e r  s o  t h a t  new messages can be wired and s u b s t i t u t e d  
i n  s i g n  c o n t r o l .  Feedback from a s i g n  p rov ides  a  check on 
message e r r o r s  a t  a  c e n t r a l  p l a c e  of c o n t r o l .  
Fe r ran t i -Packard  
Although Fer ran t i -Packard  has  had some exper ience  w i t h  
t r a f f i c  s i g n s ,  most o f  t h e i r  s i g n s  have been produced f o r  
s t o c k  exchange and a i r p o r t  t e r m i n a l  i n f i n i t e  message d i s p l a y  
systems. The low power r e q u i r e d  t o  a c t u a t e  one of  t h e i r  
s i g n s  permits  x-y address ing of t h e  d o t  matr ix  and a minimum 
number of t h y r i s t o r s .  The address ing technique i s  s i m i l a r  
t o  t h a t  employed i n  computer f e r r i t e  core  s t o r a g e  matr ices .  
Since a message i s  no t  wired i n  a t  t h e  s i g n ,  t h e  message 
r a t h e r  than a message number must be dispatched over t he  
communications channel from e i t h e r  a t e l e t y p e  console o r  a 
computer a t  a  c o n t r o l  cen te r .  Ferranti-Packard a l s o  employs 
tone c a r r i e r  modulation. A message i s  w r i t t e n  on a s i g n  l i n e ,  
l e f t  t o  r i g h t ,  a t  a s tandard  r a t e  of t e n  cha rac t e r s  per  
second. Messages may be f l a shed  and e r r o r  checking i s  pro- 
vided.  For a major s i g n  wi th  c o n t r o l s  and cornmunicatio~n 
channels,  it appears t h a t  Ferranti-Packard p r i c e s  a r e  olnly 
s l i g h t l y  h igher  than a Winko-Matic f i x e d  message system. 
This r e s u l t  seems t o  stem from t h e  ingenious na ture  of t h e  
Ferranti-Packard d i s c  technique a s  well a s  t h e  c o n t r o l  l o g i c  
thereby permit ted.  
Conrac 
Less informat ion was a v a i l a b l e  on t h e  Conrac s igns  
than on t h e  o t h e r  two. The design of t h e  s i g n s ,  however, 
seems t o  be o r i e n t e d  t o  s p o r t s  events .  I n  o rde r  t o  achieve 
an i n f i n i t e  message c a p a b i l i t y  wi th  a lamp bulb mat r ix ,  each 
bulb i s  c o n t r o l l e d  wi th  a t h y r i s t o r  and a f o u r - b i t  r e g i s t e r .  
Avai lable  component p r i c i n g  d a t a  i n d i c a t e  t h a t  t h i s  des ign 
procedure i s  expensive,  perhaps even exhorb i t an t ,  f o r  t h e  
p r e s e n t  exper imenta l  purposes.  A l a t e r  check w i t h  Conrac 
on expense f a i l e d  t o  produce any j u s t i f i c a t i o n  f o r  us ing  
t h e i r  type  of  s i g n  on t h i s  p r o j e c t .  
Request f o r  Bids 
Conrac Corpora t ion  was e l i m i n a t e d  from c o n s i d e r a t i o n  
based on t h e  above informat ion .  Two manufacturers  l o c a t e d  
i n  Michigan, E c o n o l i t e  (Smith Sign & S i g n a l  Company) and 
S t e e l  A r t  ( C a r r i e r  and Gable) were well known t o  t h e  p r o j e c t  
s t a f f  from p a s t  c o n t a c t s  and d i d  n o t  r e q u i r e  f u r t h e r  i n v e s t i -  
g a t i o n .  I t  was, t h e r e f o r e ,  dec ided t h a t  s p e c i f i c a t i o n s  and 
r e q u e s t s  f o r  b i d s  would be s e n t  t o  Winko-Matic, F e r r a n t i -  
Packard, S t e e l  A r t ,  and E c o n o l i t e ,  
A t  t h e  end of A p r i l  1969, t h e  f o u r  manufacturers  were 
s e n t  summaries of t h e  requi rements  f o r  t h e  t h r e e  types  of 
s i g n s  t o  be used i n  t h e  p r o j e c t .  A f t e r  a d d i t i o n a l  s tudy  and 
a review of  manufacturers '  comments, s p e c i f i c a t i o n s  f o r  t h e  
s i g n s  were prepared  and d i s t r i b u t e d ,  A l l  of t h e  vendors 
submit ted  b i d s  e a r l y  i n  June. 
E c o n o l i t e  submit ted  t h e  lowest  b i d  f o r  bo th  t h e  Type 1 
and t h e  Type 3 des igns .  Winko-Matic o f f e r e d  t h e  lowest  b i d  
on t h e  Type 2 des ign .  A complete review of t h e  b i d s  by 
p r o j e c t  s t a f f  and a  Univers i ty  e l e c t r i c a l  eng inee r ing  con- 
s u l t a n t  was made t o  de termine  whether any f a c t o r s  o t h e r  than  
c o s t  should i n f l u e n c e  t h e  cho ice  of s u p p l i e r s .  A d i s c u s s i o n  
with  a r e p r e s e n t a t i v e  of Econol i te  revea led  t h a t  t h e i r  s i g n s  
would meet t h e  requirements of  t h e  research .  Thus, con- 
t r a c t s  were awarded t o  t h e  lowest  b idders  i n  each case.  
Econol i te  accepted t h e i r  con t r ac t ;  however, Winko-Matic:, 
dec l in ing  t o  make only one s i g n ,  refused t h e i r  con t r ac t .  The 
Type 2 s i g n  was then ordered from Econol i te ,  t h e  second 
lowest  b idder .  
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EIGHTEEN VARIABLE SIGNS 
Purpose 
The purpose of t h e  s igns  i s  t o  advise  mo to r i s t s  usling 
t h e  John C. Lodge Freeway Corridor of t h e  b e s t  northbound 
r o u t e  t o  follow i n  en t e r ing  t h e  Freeway. 
Descr ipt ion 
The c o r r i d o r  i s  displayed i n  Figure B-1. I n  terms of 
use  of t he se  s igns ,  t h e  a r e a  of i n t e r e s t  i s  bounded by West 
Grand Boulevard, John C. Lodge Freeway, Webb Avenue, Woodrow 
Wilson Avenue, Davison Expressway, Twelfth S t r e e t ,  Fenkel l  
Avenue, Wyoming Road, John C. Lodge Freeway, McNichols Road, 
Hamilton Avenue, Dawison Expressway and Second Avenue. 
The s igns  suppl.ied w i l l  be e r ec t ed  by The Univers i ty  
of Michigan, t h e  Publ ic  Light ing Commission of t h e  Ci ty  of 
De t ro i t ,  t h e  Ci ty  of Highland Park, o r  o t h e r  appropr ia te  
au tho r i t y .  The loca t ions  f o r  t h e  s igns  a r e  shown i n  Figure 
Operation 
Three types of s igns  a r e  requi red :  
1. Variable  message 
2. Blank-out 
3 .  "Tra i lb l aze r "  
KEY 
FIGURE B - 1  
S I G N  LOCATIONS 
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One type 1 s i g n  i s  t o  be loca ted  fac ing  westbound 
t r a f f i c  on West Grand Boulevard between Cass and Second 
Avenues. One type 2 s i g n  i s  t o  be loca ted  fac ing  westbound 
t r a f f i c  on the  Davison Expressway a t  t h e  Hamilton Avenue 
Bridge. The remaining s i x t e e n  s igns ,  a l l  type 3 ,  a r e  t:o 
be loca ted  i n  var ious  pos i t i ons  throughout t h e  co r r ido r  a s  
shown i n  Figure B-1 and l i s t e d  i n  Table B-1. Four d i f f e r e n t  
des igns  a r e  requi red  f o r  type 3 s igns .  
A l l  e ighteen s igns  w i l l  bear t h e  f i xed  message 
"NORTHBOUND LODGE FIEEWAY." A desc r ip t ion  of t he  var ious  
requi red  d i sp l ays  follows.  
Type 1 - Variable  Message Sign 
Seven word messages a r e  required:  
A. (blank) 
B. USE SERVICE DRIVE 
AND SEWARD RAMP 
C. USE SERVICE D R I V E  
AND CHICAGO RAMP 
D. USE SERVICE DRIVE 
AND HAMILTON 
E. DELAY AHEAID 
USE SECOND AND SEWARD 
F. DELAY AHEAD 
USE SECOND AND CHICAGO 
G.  DELAY AHEAD 
USE SECOND AND WEBB 
TABLE B-1 
LOCATIONS OF THE TRAILBLAZER SIGNS 
Note: 1. All locations are approximate and depend on the 







2. The curb for sign No. 4 is the S curb of the 
Westbound roadway. 
3. The position for sign No. 12 is on the traffic 
island separating right-turning traffic. 
LOCATION - STREET 
10 ft. E of Hamilton in Webb 
100 ft. W of Woodrow Wilson 
100 ft. E of Hamilton in 
Davison Service Drive 
100 ft. S of Oakman in Hamilton 
10 ft. N of Kendall in 12th 
100 ft. E of 12th in Oakman 
30 ft. S of Fenkell in Linwood 
100 ft. S of Fenkell in 
















100 ft. S of Seward in Second 
100 ft. E of Second in Seward 
100 ft. S of Chicago in Second 















L e t t e r i n g  f o r  a l l  va ry ing  d i s p l a y s  and t h e  f i x e d  
message should  be  a  minimum of s i x  i nches  i n  he igh t .  
The s t anda rd  o f  l e t t e r i n g  should  be t h e  Michigan 
Department of S t a t e  Highways S e r i e s  D o r  o t h e r  l e t t e r i n lg  
w i t h  a t  l e a s t  a s  good l e g i b i l i t y  a s  S e r i e s  D. 
I n  a d d i t i o n ,  v a r i o u s  arrow d i s p l a y s  a r e  r equ i r ed .  For 
message A, t h e  r e q u i r e d  d i s p l a y  is :  
FIGURE B-2 
VARIABLE MESSAGE SIGN ARROW DISPLAY 
FOR MESSAGES A,  B ,  C ,  AND D 
Th i s  d i s p l a y  w i l l  appear  on each s i d e  of t h e  message pa~nel .  
For messages B,  C and D ,  t h e  same arrow d i s p l a y  w i l l  
appear  b u t  on only  t h e  r ight -hand s i d e  of t h e  message pane l .  
For messages E l  F ,  and G ,  t h e  arrow d i s p l a y  r equ i r ed  is:  
FIGURE B-3 
VARIABLE MESSAGE SIGN ARROW DISPLAY 
FOR MESSAGES E,  F ,  AND G 
The width  of each arrow d i s p l a y  on t h e  s i g n  should be 
s u i t e d  t o  t h e  s i z e  of t h e  message panel  b u t  should n o t  be  
l e s s  than  18" .  
Type 2 - Blank-Out Sign 
The message t o  be  d i sp layed  when a p p r o p r i a t e  i s :  
"DELAY - AVOID RAMP 
USE 12TH ST" 
S i z e  and s t andard  of  l e t t e r i n g ,  i n c l u d i n g  t h e  f i x e d  
message, should  be 8 i n c h  S e r i e s  I3 excep t  f o r  "TH" i n  "12TH" 
and "ST" which can be 6 inch  S e r i e s  B. 
I n  a d d i t i o n  t o  t h e  f i x e d  message "NORTHBOUND LODGE 
FREEWAY," two f i x e d  arrows p o i n t i n g  upward a r e  r e q u i r e d  on 
each s i d e  of  t h e  message panel .  The h e i g h t  of  each arrow 
should be s u i t e d  t o  t h e  s i z e  of t h e  s i g n  o r  message panel  
b u t  should  n o t  be l e s s  than  1 8 " .  
Type 3 - Trailblazer Signs 
For this type olf sign, one of two arrow positions is 
displayed as traffic conditions dictate. Four designs are 
required : 
Design A (eight signs required) indicates that a through 
movement or a right turn is recommended. 
FIGURE B-4 
TRAILBLAZER SIGN - DESIGN A 
Design B (three signs required) indicates that a through 
movement or a left turn is recommended. 
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FIGURE B-5 
TRAILBLAZER SIGN - DESIGN B 
This  type  of s i g n  is  used twice  when a l e f t  t u r n  i s  made 
from a one-way s t r e e t  and once when a  l e f t  t u r n  i s  made 
from a  two-way street.  
Design C (one s i g n )  a l s o  i n d i c a t e s  t h a t  a  l e f t  t u r n  i s  
t o  be  made from a  one-way s t r e e t .  (It i s  necessa ry ,  however, 
f o r  t h i s  s i g n  t o  be p laced a t  t h e  i n t e r s e c t i o n  immediately 
b e f o r e  t h e  i n t e r s e c t i o n  a t  which t h e  t u r n  i s  recommended 
and t h e r e f o r e  a s t r a i g h t  through i n d i c a t i o n  i s  a l s o  necessary  
b e f o r e  t h e  t u r n  arrow.)  
FIGURE B-6 
TRAILBLAZER SIGN - DESIGN C 
The s i z e  of t h e  l e t t e r i n g  of t h e  f i x e d  message i n  t h e s e  
t h r e e  d e s i g n s  s h a l l  be  4 inch  S e r i e s  D.  
Design D ( four  s i g n s )  i s  s i m i l a r  t o  Design B except 
t h a t  t h e  l e t t e r i n g  is l a r g e r ,  namely, 6 inch S e r i e s  D l e t t e r s ,  
and one of t he  arrows i s  l a r g e r .  These s igns  i n d i c a t e  t h a t  
a  l e f t  t u r n  i s  t o  be made from a  two-way s t r e e t .  
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FIGURE B-7 
TRA1LBI;AZER S I G N  - DESIGN D 
Each arrow dimension given i n  t he  four  designs i s  t h e  
d e s i r a b l e  minimum b u t  t h e  a c t u a l  s i z e  of t h e  arrow sho'uld 
s u i t e  t he  s i z e  of t he  s ign .  
Construction 
The s i g n  s h a l l  have a  genera l  background of e i t h e r  black 
o r  s tandard highway green. The co lor  of t he  messages may 
be red ,  green o r  white bu t  t h e  arrow d i sp l ay  co lo r s  may be 
only green o r  white. An exception i s  t h a t  red may be used 
f o r  t h e  "s tub  arrows," t h e  s t r e e t s  t o  be avoided i n  messages 
A ,  B, C ,  and D i n  t h e  v a r i a b l e  message s ign.  I f  any of t h e  
messages a r e  c o l o r e d  i n  g r e e n  on s i g n s  w i t h  a  green back- 
ground, s u f f i c i e n t  c o n t r a s t  must be  provided by means of  
a  b l a c k  background i n  t h e  i n d i v i d u a l  message pane l .  Any 
message i n  t h e  t h r e e  types  of  s i g n s  must be  l e g i b l e  t o  a  
d r i v e r  w i t h  20/20  v i s u a l  a c u i t y  a t  d i s t a n c e s  g iven  i n  t h e  
t a b l e  below f o r  a11 day and n i g h t  c o n d i t i o n s .  The s i g n  
messages may be  i n t e r n a l l y  o r  e x t e r n a l l y  i l l u m i n a t e d .  When 
a  message i s  blanked o u t ,  i t  must - n o t  be  l e g i b l e  f o r  d i s -  
t a n c e s  from t h e  s i g n  a s  g iven  i n  Table B-2,. 
TABLE B-2 
LEGIBILITY DISTANCES 
The shape and s i z e  of  a l l  arrows s h a l l  conform a s  
c l o s e l y  a s  p r a c t i c a b l e  w i t h  t h e  s t a n d a r d  s i g n  arrows used by 
t h e  Michigan Deaprtment of  S t a t e  Highways. The width  and 
h e i g h t  o f  t h e  s i g n s  have n o t  been s p e c i f i e d .  However, it 
i s  d e s i r a b l e  t h a t  a l l  s i g n s  be a s  smal l  a s  p o s s i b l e  w h i l e  
r e t a i n i n g  t h e  minimum l e t t e r i n g  and arrow s i z e s .  Pre fe rab ly ,  
t h e  smal le r  t r a i l b l a z e r  s i g n s  s h a l l  conform t o  s tandard 
highway s i g n  s i z e s  wi th  dimensions i n  mu l t i p l e s  of s i x  inches.  
The th ickness  of a l l  s i gns  s h a l l  be no g r e a t e r  than necessary 
t o  provide an adequate housing. Any type of ma te r i a l  may be 
used i n  t he  cons t ruc t ion ;  however, t h e  f i n i s h e d  product  must 
be gene ra l ly  s tu rdy ,  weatherproof,  and n e a t  i n  appearance. 
Sign Faces 
The s i g n  f a c e s  s h a l l  be f l a t .  I n  add i t i on  t o  t h e  co lo r  
and i l l umina t ion  requirements given i n  t h e  previous s e c t i o n ,  
a  one-inch r e f l e c t o r i z e d  whi te  border s h a l l  be ove r l a id .  
Mater ia l s  used i n  t h e  s i g n  f a c e  s h a l l  be equiva len t  i n  
s t r e n g t h  t o  3/16 inch p l e x i g l a s s .  The completed s ign  f a c e  
s h a l l  p r e sen t  an a t t : r a c t i v e  and p ro fe s s iona l  appearance. 
Mounting 
A l l  s i gns  s h a l l  be provided with  t he  necessary hardware 
f o r  d i r e c t  at tachment t o  e x i s t i n g  wooden po les ,  s t e e l  
s tandards ,  o r  pos t s .  The Univers i ty  of Michigan w i l l  pro- 
v ide  t h e  app rop r i a t e  po les  o r  pos t s  where requi red ,  and, 
l a t e r  e r e c t  t h e  s igns .  
The Type 1 and Type 3 Design D s i gns  w i l l  be mounted 
above t h e  roadway with  a  minimum c learance  of 15 f e e t  above 
t h e  road su r f ace .  I n  each case ,  they w i l l  be c e n t r a l l y  
mounted over one of t h e  t r a f f i c  l anes  on t h e  road. 
The Type 1 s i g n  i s  t o  be  mounted over  a  s t reet  45 f e e t  
wide and t h e  c e n t e r  w i l l  b e  1 3  f e e t ,  6 inches  from t h e  
r ight -hand curb  ( f a c i n g  t h e  s i g n ) .  The Type 3 Design D s i g n s  
a r e  on streets 52 f e e t ,  7 4  f e e t ,  7 4  f e e t ,  and 90 f e e t  wide 
and t h e  c e n t e r  of  t h e  s i g n  w i l l  be  19 f e e t ,  6 i n c h e s ,  37 
f e e t ,  37 f e e t ,  and 45 f e e t ,  r e s p e c t i v e l y ,  from t h e  r i g h t -  
hand curb .  I n  each c a s e ,  t h e  p o l e s  may be  assumed t o  have 
a 12 i n c h  c l e a r a n c e  from t h e  edge of t h e  curb .  
The o t h e r  s i g n s  w i l l  be d i r e c t l y  a t t a c h e d  t o  a  p o l e  o r  
p o s t  excep t  f o r  t h e  Type 2 s i g n  which w i l l  b e  d i r e c t l y  
a t t a c h e d  t o  t h e  Hamilton Avenue Bridge.  I n  g e n e r a l ,  t h e  edge 
of  t h e  s i g n  n e x t  t o  t h e  roadway must be  1 2  i n c h e s  c l e a r  from 
t h e  curb .  
E l e c t r i c a l  Requirements 
The e l e c t r i c a l  components i n  o r  near  t h e  s i g n  s h a l l  be  
des igned t o  o p e r a t e  on 115 v o l t ,  60 c y c l e ,  s i n g l e  phase 
a l t e r n a t i n g  c u r r e n t  u n l e s s  p r i o r  approval  f o r  d e p a r t u r e  from 
t h i s  f i g u r e  i s  ob ta ined .  A l l  components must be  approved 
by Underwri ters  L a b o r a t o r i e s .  
A l l  e l e c t r i c a l  components w i l l  be  brought  t o  a  termina- 
t i n g  s t r i p .  I n  t h e  c a s e  o f  t h e  Type 1 and Type 3 Design D 
s i g n s ,  t h i s  s t r i p  w i l l  be  mounted i n t o  a c o n t r o l  base  on t h e  
s u p p o r t i n g  p o l e  n e a r e s t  t o  t h e  c e n t e r  of t h e  s i g n  and abou t  
6 feet above t h e  ground. The U n i v e r s i t y  of Michigan w i l l  be 
r e spons ib l e  f o r  mounting the  te rmina t ing  s t r i p .  Thus 
s u f f i c i e n t  i n t e r n a l  cab le  must be provided. For a l l  otlher 
s i g n s ,  t h e  te rmina t ing  s t r i p  can be i n ,  a t  t h e  back o f ,  o r  
a t  t h e  s i d e  of t h e  s ign .  
S e r v i c e a b i l i t y  and Maintenance 
It i s  n o t  intended t o  develop a  permanent ope ra t iona l  
p iece  of hardware, b u t  r a t h e r  t o  t e s t  an ope ra t iona l  concept 
i n  communication wi th  t h e  mo to r i s t s .  S t r i c t  s p e c i f i c a t i o n s  
regard ing  s e r v i c e a b i l i t y  and maintenance w i l l ,  t h e r e f o r e ,  
no t  be imposed; however, t h e  manufacturer s h a l l  s t a t e  t h e  
following: 
1. Operating temperature range. 
2. Ant ic ipated l i f e  of l i g h t  sources.  
3. Ant ic ipa ted  use fu l  l i f e  of t h e  s i g n s .  
4 .  Power consunption of each s ign .  
5. General q u a l i t y  of components. 
6 .  Requirements f o r  e l e c t r i c a l  grounding 
7. Any addit ioizal  f e a t u r e s  which a r e  l i k e l y  t o  
a f f e c t  s e r v i c e a b i l i t y  of t h e  s i g n s  as 
o p e r a t i o n a l  devices .  
Delivery 
Delivery must be completed wi th in  n ine ty  ( 9 0 )  days of 
n o t i f i c a t i o n  of acceptance of t h e  manufacturer ' s  o f f e r .  The 
quoted p r i c e  s h a l l  i n c l u d e  d e l i v e r y  and unloading a t  t h e  
P u b l i c  ~ i g h t i n g  Commission warehouse, 174 E a s t  Atwater ,  
D e t r o i t ,  Michigan o r  any o t h e r  l o c a t i o n  i n  t h e  D e t r o i t  
Met ropo l i t an  a r e a  s p e c i f i e d  by The U n i v e r s i t y  of Michigan. 
Guarantee 
The s u p p l i e r  s h a l l  g u a r a n t e e  s a t i s f a c t o r y  performance 
of  t h e  u n i t s  ( exc lud ing  p h y s i c a l  damage) f o r  a  pe r iod  of  
t h r e e  months from t h e  d a t e  a f  d e l i v e r .  
I n  t h e  e v e n t  of  p h y s i c a l  damage t o  a  s i g n ,  t h e  manu- 
f a c t u r e r  i s  asked t o  quo te  a l a b o r  c o s t  ( p e r  hour)  and a  
t r a n s p o r t a t i o n  c o s t  ( p e r  c a l l )  f o r  r e t u r n i n g  immediately t o  
D e t r o i t  t o  r e p a i r  t h e  s i g n .  Replacement m a t e r i a l s  would 
be s u p p l i e d  by t h e  manufacturer  a t  c u r r e n t  r e t a i l  p r i c e s  
less s a l e s  t a x .  
Working Drawings 
Within f o u r t e e n  days of n o t i f i c a t i o n  o f  acceptance  o f  
t h e  m a n u f a c t u r e r ' s  o f f e r ,  working drawings f o r  each type  of 
s i g n  s h a l l  be  submi t t ed  t o  t h e  P r i n c i p a l  I n v e s t i g a t o r  f o r  
approval .  The drawings must show i n  p a r t i c u l a r  t h e  d e t a i l e d  
l ay -ou t  of t h e  s i g n  f a c e ,  t h e  hardware f o r  mounting t h e  s i g n s  
and t h e  l o c a t i o n  of  t h e  t e r m i n a l  s t r i p  i f  on t h e  s i g n .  
The manufacturer  must be prepared  come t o  t h e  
Na t iona l  Proving Ground f o r  Freeway S u r v e i l l a n c e  Contro l  
and E l e c t r o n i c  T r a f f i c  Aids i n  D e t r o i t  t o  review t h e  wolrking 
drawings wi th  t h e  P r i n c i p a l  I n v e s t i g a t o r .  This  conference  
w i l l  t a k e  p l a c e  w i t h i n  f o u r  days a f t e r  submission o f  t h ~ e  
working drawings. 
Bids 
Tenderers  may b i d  t o  supply  any o r  a l l  o f  t h e  types  of  
s i g n s .  A l t e r n a t i v e l y  t h e  t e n d e r e r  may o f f e r  t o  l e a s e  any o r  
a l l  of  t h e  s i g n s  f o r  t h r e e  months wi th  an o p t i o n  f o r  a 
twelve-month ex tens ion .  V a r i a t i o n s  i n  t h e  d e s i g n  may be  
cons ide red  and t h e  t e n d e r e r  i s  i n v i t e d  t o  submit  a l t e r n a t i v e  
b i d s  f o r  any v a r i a t i o n s .  The t e n d e r e r  s h a l l  a l s o  i n c l u d e  
a  rough s k e t c h  of  t h e  l a y o u t  o f  t h e  messages f o r  a l l  t h e  
s i g n s  and s t a t e  t h e  weight  of  t h e  Type 1 s i g n ,  i n c l u d i n g  
t h e  mounting s t r u c t u r e .  
The b i d s  should be submit ted  i n  d u p l i c a t e  w i t h  both  
c o p i e s  s e n t  t o  t h e  P r i n c i p a l  I n v e s t i g a t o r ,  P r o f e s s o r  
Donald E. Cleveland,  whose o f f i c e  i s  l o c a t e d  i n  t h e  Argus 
Bui ld ing ,  Corner o f  Wil l iam and Fourth S t r e e t s ,  Ann Arbor. 
The mai l ing  address  is:  
Highway S a f e t y  Research I n s t i t u t e  
Univers i ty  of Michigan 
C i t y  Center  Bui ld ing  
220 E a s t  Huron 
Ann Arbor, Michigan 48108 
One copy of the bid should be addressed to The University 
of Michigan Purchasing Department. The bid must be received 
no later than 4:00 p.m. on June 2, 1969. 
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In t roduc t ion  and Relat ion of Physical  ComDdnents 
The measurement and guidance opera t ions  necessary f o r  
t h e  real - t ime information and c o n t r o l  system a r e  perfor~med 
by both f i e l d  and o f f i c e  equipment. (The reader  should 
a l s o  r e f e r  t o  Appendix B of A Freeway C'o'r'r'idur Survei'llance, -
Information and Control  System ( 7 )  and Appendix A of 
Evaluation of a Dynamic Freeway Ramp Entry Guidance System -
( 2 6 )  f o r  equipment not  d e t a i l e d  here.)  
The processing of d a t a  acquired through t h e  de t ec to r  
system and t h e  making of c o n t r o l  dec i s ions  a r e  accomplished 
by an IBM 1800 d i g i t a l  computer. A s  t h e  f i e l d  complex grows 
i n  s i z e  t h e  computer system can match t h i s  growth by appro- 
p r i a t e  increases  i n  i t s  c a p a b i l i t i e s .  Also, a s  new t r a f f i c  
flow t h e o r i e s  a r e  developed, o r  a s  o l d e r  ones a r e  improved, 
t h e  dec i s ion  func t ion  can be updated through changes i n  
programming. The co:mputer system i s  e s s e n t i a l  t o  compile 
and a s se s s  t h e  v a s t  q u a n t i t i e s  of d a t a  involved i n  a r e a l -  
time freeway con t ro l  system and a l s o  has t h e  f l e x i b i l i t y  t o  
develop with  t h e  con t ro l  system. 
The phys ica l  components of t h e  f u l l  t r a f f i c  c o n t r o l  and 
information system a r e  shown i n  Figure  C - l .  The t r a f f i c  
d e t e c t o r s  a r e  t h e  major source  of t r a f f i c  f low measurements 
i n t o  t h e  system. These d e t e c t o r s  a r e  of t h r e e  types:  loop, 
u l t r a s o n i c  and t ranssensor .  The loop d e t e c t o r s  a r e  used 
on a l l  of t h e  ramps t o  d e t e c t  veh ic l e  presence and t o  record 
volumes and on var ious  su r f ace  s t r e e t s  i n  t h e  Lodge Freeway 
Corridor t o  record volumes. Transsensor-type d e t e c t o r s  a r e  
a l s o  used f o r  t h i s  l a t t e r  funct ion.  The u l t r a s o n i c  u n i t s  
a r e  u t i l i z e d  on t h e  Freeway, one f o r  each northbound lane  
a t  each of nine  freeway d e t e c t o r  l oca t ions .  I n  add i t i on ,  
u l t r a s o n i c  d e t e c t o r s  a r e  used a s  queue d e t e c t o r s  on a l l  on- 
ramps except one where a loop i s  used. 
E l e c t r i c a l  power was provided by e i t h e r  t h e  Publ ic  
Light ing Commission, a Ci ty  of De t ro i t  agency which produces 
power f o r  Ci ty  s e rv i ces ,  o r  t h e  D e t r o i t  Edison Company. In  
a l l  cases  power was tapped from e x i s t i n g  l i n e s  belonging t o  
one of t hese  sources  and run t o  i n s t a l l a t i o n  s i t e s .  A l l  
l i n e s  were s t rung  overhead and a t tached  t o  e x i s t i n g  poles .  
Messages a r e  conveyed t o  and from t h e  f i e l d  equipment over 
leased Michigan Be l l  Telephone l i n e s .  T h i s  s e r v i c e  i s  tapped 
a t  t he  c l o s e s t  a v a i l a b l e  l oca t ion  by t h e  telephone company 
and i s  routed t o  t h e  f i e l d  equipment. 

The information received at the Control Center is pro- 
cessed and assessed by the computer in light of operating 
parameters previously programmed into the system. After 
assessment, and if appropriate, a call is made for a control 
function. The necessary command is sent to the field through 
a second set of leased communication lines. 
The control and information systems consist of eight 
ramp information signs, eight ramp metering signals, 16 
trailblazer signs, two blankout signs and one variable 
message sign. These information devices convey their messages 
to motorists through the normal visual process. 
In summary, the "main line" process described above 
consists of traffic flow measurements accomplished by 
detectors; receipt of data from the detector via communication 
lines; processing of data by the computer; and command output 
from the computer over communication lines to the control 
signs and signals in the field. This "main line" process, 
as can be seen in Figure C-1, is supported by other input 
information as well as being subject to manual overrides 
by the system supervisor. 
Descr ipt ion of Dyna~nic Routing In fa rha t ion  Signs 
There a r e  1 9  new dynamic rou t ing  information s igns  i n  
use  i n  t h e  Lodge Freeway Corridor a s  a  r e s u l t  of t h i s  phase 
of research .  A l l  bu t  one of t hese  s igns  i s  capable of 
p resen t ing  two messages and one s i g n  can produce a s  many 
as  seven d i f f e r e n t  messages. These 1 9  s igns ,  while used 
f o r  t he  same purpose, a r e  of two d i s t i n c t  types.  The 
major i ty ,  17, a r e  v a r i a b l e  message s igns ,  and two a r e  'blank- 
o u t  s igns .  S t a t i c  s igns  a r e  a l s o  u t i l i z e d  t o  r e i n f o r c e  
t h e  d i r e c t i v e  messages displayed on t h e  dynamic s igns .  
The l a r g e  v a r i a b l e  message s ign  on West Grand Boulevard 
u t i l i z e s ,  a s  do t h e  smal le r  t r a i l b l a z e r  s igns ,  neon tubes  
t o  p re sen t  t h e  des i r ed  message. Since t h e  tubes  a r e  c l e a r  
g l a s s ,  t h e  ramp names can be "stacked" and y e t  only t h e  
i l lumina ted  message can be seen. I n  t he  case  of t he  t r a i l -  
b l aze r  s igns  only  t:he a c t i v a t e d  arrow can be seen while t h e  
o t h e r  one blends i n t o  t h e  s i g n  background. 
The blankout s i g n  messages a r e  i n v i s i b l e  when no t  a c t i -  
vated bu t  can e a s i l y  be read when the  message i s  on. The 
Chicago Boulevard blankout s i g n  has a  p l e x i g l a s s  f r o n t  panel  
wi th  t h e  appropr ia te  message and i s  lit by i n t e r n a l  l i g h t s .  
E l e c t r i c a l  C i r c u i t i n g  f o r  Dynamic Routilly Information Signs 
A s  mentioned prev ious ly ,  a l l  bu t  one of t h e  1 9  s igns  
p re sen t  only two message s t a t e s :  on o r  o f f  f o r  t h e  blankout 
s igns  and s t r a i g h t  through o r  t u r n  movements f o r  t h e  t r a i l -  
b l aze r  s igns .  Thus t h e  e l e c t r i c a l  con t ro l  needed was only 
a  simple switching mechanism accomplished by a  r e l ay .  
I n  t he  case  of t h e  v a r i a b l e  message s ign ,  however, an 
e l e c t r i c a l  con t ro l  assembly was designed and b u i l t  by 
p r o j e c t  s t a f f .  A schematic of t h i s  assembly i s  shown i n  
Figure C-2. A t h r e e  d i g i t  b inary  code was developed t o  
provide a l l  of t h e  poss ib l e  seven messages (with one being 
redundant) .  When t h e  appropr ia te  code was c a l l e d  f o r ,  
e l e c t r i c a l  r e l a y s  switched t o  a c t i v a t e  t he  c a l l e d  f o r  
message. A s  an example, t h e  second message, 1 0 0 ,  c a l l s  f o r  
t h e  f i r s t  s e r i e s  of switches t o  be i n  t h e  "up" p o s i t i o n  
and t h e  second and t h i r d  s e r i e s  t o  be wgdown". The r e s u l t i n g  
message i s  "Right Arrow Top" (2); "Right Arrow Bottom" ( 3 ) ;  
"Use Service  Drive" ( 4 )  ; 'Seward" ( 5 )  ; and, "Ramp" ( 8 )  . A s  
a  second example t h e  message 0 0 1  ( f i r s t  two s e r i e s  of 
switches i n  t h e  "up" p o s i t i o n  and the  t h i r d  s e r i e s  "down") 
t h e  message becomes: "Right Arrow Top" ( 2 ) ;  "Delay Ahead 
Use Second" ( 4 )  ; and, "Sewardu ( 1 0 ) .  
-- 
lo l l  -- 
o i n  -
FIGURE C-2 
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COMPUTER CONTROL PROGRAMS 
I n t r o d u c t i o n  
The computer c o n t r o l  used f o r  t h i s  p r o j e c t  had i t s  
i n c e p t i o n  dur ing  NCHliP P r o j e c t  20-3 conducted by t h e  Texas 
T r a n s p o r t a t i o n  I n s t i t u t e  ( T T I )  . Much of t h e  exp lana t ion  
and documentation conta ined i n  Appendix C ,  "Data Acqu i s i t ion  
and Contro l :  Software Methodology," of t h e  TTI  f i n a l  
r e p o r t  is s t i l l  v a l i d  and, t h e r e f o r e ,  w i l l  n o t  be d u p l i c a t e d  
i n  t h i s  appendix ( 7 ) .  The computer u t i l i z e d  i s  an IBM 
1800 Data Acqu i s i t ion  and Contro l  System. 
The primary 0bject:ives of  t h e  c o n t r o l  programming dur ing  
t h e  1969 r e s e a r c h  i n c l u d e  meter ing  t h e  e i g h t  on-ramps l o c a t e d  
i n  t h e  s tudy  a r e a ,  c o n t r o l l i n g  t h e  27 dynamic r o u t i n g  i n f o r -  
mation s i g n s  which l e a d  t o  t h e  e i g h t  metered on-ramps arid 
c o l l e c t i n g  d a t a  from t h e  t r a f f i c  d e t e c t i o n  equipment. 
Ramp Metering 
During 1969 t h r e e  major changes were made i n  t h e  ramp 
meter ing  opera t ion .  F i r s t ,  t h e  meter ing  times f o r  a l l  
e i g h t  ramps were s tandard ized  t o  permi t  t h e  u t i l i z a t i o n  of  
j u s t  one g e n e r a l  meter ing  system ( 6 ) Metering now begins  
a t  2:30 p.m. and ends a t  6:30 p.m. The former system had 
t h e  f o u r  sou the rn  ramps metered from 2:30 p.m. t o  6:30 p.m., 
whi le  t h e  remaining f o u r  were a c t i v a t e d  a t  3:30 p.m. 
The second change was a  modi f i ca t ion  i n  t h e  p o s s i b l e  
modes of  o p e r a t i o n  ( s t r a t e g i e s )  of  t h e  meter ing  system. A t  
t h e  end of  1969 t h e  p o s s i b l e  modes a r e :  
1, Fixed one-minute r a t e s  (from h i s t o r i c a l  t a b l e ) ;  
2 .  Minimum r a t e s ;  
3 .  Maximum r a t e s ;  
4 .  Constant  green;  
5. A system model based on a demand/capacity model; 
6. A system model based on a s t o r a g e  model; and 
7.  Off ( o p e r a t i o n a l l y  t h e  same a s  c o n s t a n t  g r e e n ) .  
F i n a l l y ,  t h e  Seward on-ramp i s  now metered wi th  a  two- 
phase (red-green) s i g n a l  l o g i c  r e p l a c i n g  t h e  three-phase 
(red-amber-green) s i g n a l  l o g i c .  
Dynamic Routing Informat ion  Signs  
The e i g h t  o r i g i n a l  Univers i ty  of Michigan d r i v e r  
in fo rmat ion  s i g n s  on t h e  prime a l t e r n a t e  r o u t e  a d v i s e  t h e  
m o t o r i s t  of  t h e  most d e s i r a b l e  p o i n t  f o r  him t o  e n t e r  t h e  
Freeway i n  o r d e r  t o  avoid conges t ion  ( 2 6 ) .  The computer 
c o n t r o l  s t r a t e g y  used f o r  t h e s e  s i g n s  was expanded t o  inc lude  
t h e  19 new dynamic r o u t i n g  informat ion  s i g n s .  
On-Line Informat ion  
The on- l ine  o p e r a t i o n  of t h e  computer provides  two forms 
of in fo rmat iona l  ou tpu t .  The f i rs t  of t h e s e ,  d i g i t a l  d i s p l a y s  
which appear  on t h e  d i s p l a y  pane l ,  s u p p l i e s  t h e  fo l lowing 
informat ion:  
Ramp volume a t  a  g iven ramp; 
Ramp queue d e t e c t o r  occupancy; 
Ramp meter ing  r a t e s ;  
Number o f  v e h i c l e s  which can be allowed i n t o  a  
g iven  subsystem; 
Freeway s t a t i o n  volumes; 
Freeway s t a t i o n  occupancies;  
Net number of  v e h i c l e s  t h a t  e n t e r e d  a g iven sub- 
system i n  t h e  p a s t  minute; and 
Cur ren t  s t a t e  of v a r i a b l e  message s i g n  on West 
Grand Boulevard. 
The second sources  of informat ion  a r e  t h e  messages p r i n t e d  
a u t o m a t i c a l l y  every minute by t h e  IBM system t y p e w r i t e r .  
These messages i n c l u d e  in fo rmat ion  on: 
1. A change i n  meter ing  mode s e l e c t i o n ;  
2 ,  Data t o  d i s k  messages (suspended, s t a r t e d ,  over lapped) ;  
3 .  Detec to r s  down o r  back i n  s e r v i c e ;  and 
4 ,  I n t e r n a l  a c t i o n  t aken  due t o  d e t e c t o r  malfunct ion  
(change i n  meter ing  mode). 
Exter'na'l' 'Co'ntro'ls 
The d i s p l a y  pane l  c o n t a i n s  v a r i o u s  swi tches  which, when 
manually o p e r a t e d ,  send an e l e c t r i c a l  impulse message t o  
o v e r r i d e  i n t e r n a l  program i n s t r u c t i o n s .  E i g h t ,  e i g h t -  
p o s i t i o n  r o t a r y  swi tches  a r e  used f o r  s e l e c t i n g  t h e  d e s i r e d  
meter ing  s t r a t e g y  f o r  each of t h e  metered ramps. There a r e  
a l s o  e i g h t ,  t h r e e - p o s i t i o n  r o t a r y  swi tches  which provide  
manual c o n t r o l  f o r  t h e  d r i v e r  in fo rmat ion  s i g n s .  I n  a d d i t i o n ,  
t h e  d i s p l a y  panel  has  t h r e e ,  e i g h t - p o s i t i o n  r o t a r y  swi tches  
a v a i l a b l e  f o r  s e l e c t i o n  of t h e  type  of  informat ion  d e s i r e d  
t o  be shown on t h e  d i g i t a l  d i s p l a y .  
There a r e  a l s o  t h r e e  groups of r o t a r y  swi tches  a t  t h e  
lower l e f t  of t h e  d i s p l a y  panel .  Each of  t h e s e  t h r e e  groups 
of swi tches  provides  e x t e r n a l  c o n t r o l  of t h e  system. E x t e r n a l  
c o n t r o l  i s  d e f i n e d  a s  a  c o n t r o l ,  o t h e r  than  computer c o n t r o l ,  
and i s  u s u a l l y  undertaken by t h e  system s u p e r v i s o r .  These 
swi tches  enab le  t h e  s u p e r v i s o r  t o  o v e r r i d e  t h e  computer and 
t h u s  p rov ide  manual c o n t r o l  of s i g n s  and ramp s i g n a l s .  They 
a r e  g e n e r a l l y  used dur ing  experiments  i n  t r a f f i c  r o u t i n g  o r ,  
i n  t h e  c a s e  o f  a mal func t ion ,  t h e  swi tches  s e r v e  a s  a  backup 
system. 
I n  a d d i t i o n  t o  t h e  swi tches  on t h e  d i s p l a y  pane l ,  t h e r e  
a r e  e i g h t ,  two-posi t ion swi tches  a n  t h e  computer console  
which, when manually opera ted ,  a l e r t  t h e  computer t o  v a r i o u s  
changes and r e q u e s t s  t o  t h e  system. 
D e t a i l e d  D e s c r i p t i o n  o f  Con t ro l  Programs 
The e n t i r e  system i s  shown i n  condensed f low c h a r t  form 
i n  F i g u r e  D - 1  and D - 2 .  (Table  D - l  p r e s e n t s  a  key 
e x p l a i n i n g  t e c h n i c a l  terms used i n  t h e s e  and a l l  remaining 
Appendix D f i g u r e s . )  The two p a r t s  of  t h i s  f i g u r e  show 
how each r o u t i n e  i s  s t a r t e d  and p e r p e t u a t e d ,  t h e  purpose of 
each r o u t i n e  and t h e i r  l i n k a g e s  through t h e  v a r i o u s  computer 
programs t h a t  c o n t r o l  t h e  o p e r a t i o n  of t h e  system. There 
a r e  two types  of  programs employed i n  t h e  system. Mainl ine  
c o r e  l o a d s  a r e  s t o r e d  on d i s k s  i n  core-image format  and 
brought  i n t o  v a r i a b l e  c o r e  f o r  e x e c u t i o n  on c a l l  w h i l e  sub- 
r o u t i n e s  a r e  always i n  c o r e  t o  e n a b l e  f a s t e r  execu t ion .  
The f o l l o w i n g  paragraphs  c o n t a i n  a d e t a i l e d  d i s c u s s i o n  
o f  t h e  p r e s e n t  r o u t i n e s  and programs. 
The RSTAR and RESTR r o u t i n e s  a r e  p r e s e n t e d  i n  Figure! DL3. 
The purpose of t h e s e  r o u t i n e s  i s  t o  e n a b l e  t h e  system t.o 
r e c o v e r  from i n t e r n a l  ma l func t ions  a u t o m a t i c a l l y  w i t h o u t  
any i n t e r v e n t i o n  by an o p e r a t o r  and, more impor tan t ly ,  with-  
o u t  d i s c o n t i n u i n g  t h e  mete r ing  system. A l l  v a r i a b l e s  a.re 
r e i n i t i a l i z e d  and a l l  time dependent  f u n c t i o n s  a r e  re- 
synchronized.  (The a s s o c i a t e d  programs a r e  OCCOL, CKSY'S, 






FIGURE D - 1  
SURVEILLANCE AND CONTROL SYSTEM 
FLOW CHART - PART I 
(CEINT) 
set  up 
for CE V l A Q  
~nterrupt 







SURVEILLANCE AND CONTROL SYSTEM 
FLOWCHART - PART I1 
RSTAR P 
Chain 
R F T R  a 
F I G U R E  D-3 
P r l ~ t  Reason 
El??sed Time 
Counter  for  
Ye t e r i ng  rset I 
RF-SYNC 
INTERNAL MALFUNCTION SELF-RECOVERY ROUTINES 
(RSTAR AND F E S T R )  
TABLE D - 1  
KEY TO COMPUTIER OPERATIONS FLOW CHARTS 
I DESCRIPTION 
This  r o u t i n e  a l lows t h e  u s e r  t o  l i n k  
two core loads  by over lay ing  t h e  c a l l i n g  
r o u t i n e .  
This  c a l l  p l a c e s  t h e  named core load i n  
a queue t a b l e  f o r  execut ion  when a CALL 
VIAQ i s  executed.  
This  i s  t h e  p r i o r i t y  ranking i n  t h e  queue. 
This  c a l l  f o r c e s  a programmed i n t e r r u p t  
on t h e  l e v e l  d e s i r e d .  With t h e  system 
des ign ,  a subrou t ine  i s  a s s o c i a t e d  w i t h  
e a c h ' i n t e r r u p t  l e v e l  be ing  c a l l e d  by 
t h i s  r o u t i n e .  
This  c a l l  i s  used a s  t h e  l a s t  execu tab le  
s t a t ement  i n  a core load.  I t  w i l l  l oad  
i n t o  v a r i a b l e  c o r e  i n  t h e  queue t a b l e  on 
a p r i o r i t y  b a s i s .  I f  t h e  queue i s  empty, 
time s h a r i n g  i s  i n i t i a t e d .  
End time sha re .  A non-process job i s  
stopped and p laced on to  d i s k s .  
Programmed i n t e r r u p t  e x i t .  
S p e c i a l  common a r e a  f o r  system programs. 
RSTAR is  brought  i n t o  c o r e  f o r  execut ion  dur ing  an IBM 
system r e l o a d  opera t ion .  This  r o u t i n e ,  upon r e q u e s t ,  can 
a l s o  be made t o  chain  t o  t h e  COLDS program (Figure  D-4)  
and thus  perform a normal system s t a r t - u p .  The COLDS program 
i n i t i a l i z e s  t h e  system f o r  continuous opera t ion .  I t  is 
brought  i n t o  o p e r a t i o n  by a CALL CHAIN ( s e e  Table D-1 )  from 
RS TAR. 
The COMP program (F igure  D-5) makes necessary p re l iminary  
computations f o r  use  i n  t h e  meter ing  r o u t i n e  (MTRNG) based 
on d a t a  from t h e  previous  minute. COMP a l s o  s e t s  up t h e  
mainl ine  c o r e  load  execut ion  p r i o r i t i e s  and sets a f l a g  t o  
i n d i c a t e  t h a t  it has  s t a r t e d  execut ion .  This  program is used 
t o  communicate w i t h  t h e  system check-out r o u t i n e s .  
F igure  D-6 p r e s e n t s  t h e  MTRNG r o u t i n e  which computes 
t h e  meter ing  r a t e s  f o r  t h e  metered ramps and c o n t r o l s  t h e  
informat ion  s i g n  l o g i c .  I t  a l s o  con ta ins  s p e c i a l  meter ing  
o v e r r i d e  l o g i c ,  such a s  t h a t  employed a t  t h e  Davison t o  
Lodge on-ramp, where an excess ive  ramp queue n e c e s s i t a t e s  
a  change i n  meter ing  mode t o  a l l e v i a t e  conges t ion  on t h e  
feed ing  ramp. 
The purpose of t h e  DETCK (Figure  D-7) r o u t i n e s  i s  t o  
check f o r  response  from each d e t e c t o r  i n  t h e  system. Messages 
a r e  p r i n t e d  both  when a d e t e c t o r  malfunct ion  occurs  and when 
it  r e t u r n s  t o  s e r v i c e .  Each d e t e c t o r  i s  ass igned a maximum 
COLDS Q 
Interrupt el
A l l  Variables 
i n  Inakel 
pE4'2-1 I n i t i a l  F L I P -  
FLOP Pulse t o  
Backup. System 
Enter Time 
o f  Day from 
Typewriter n 
Real T.ime '4 
I n i  C I  . i1 
Address i n  
D ~ s k  D. i ta  
F i l e  
H i s t o r i c a l  
Rate 'Ici~Le 
1ndt.x t o  
I Read From Disk t h e  I 
Fixed 
for  Power 
ON and OFF 
i n  the F i e l d  
f o r  D a t a  
Transfer 
and Clear 
Start  Timer 
for D a t s  
C o l l e c t i o n  
and Metering 
f o r  System 
Check-out 
(CLTAC ,TAC) 
SYSTEM INiTERNALIZATION ROUTINE FOR 
CONTINUOUS OPERATION (COLDS) 
Set  Corelosd 
To Zero 




Queue (5 )  Q 







ROUTINE FOR COMPUTATION OF TRAFFIC 
FLOW DATA (COMP) 
& Storage Model 
Values Eased on 
De termire  
Metering Hode il 
and Compute 
Rates 
Assoc ia  t:ed I *:l 
j 
h e t e r i n g  
Override 
Informat ion 
Sign S t a t e s  
 
QUEUE (20) QCEUE (10) 
FIGURE D-6 
METERING COMPIJTATION AND INFORMATION SIGN 
CONTROL LOGIC ROUTINE (MTRNG) 
181 
DETCY GJ1 
t o  Ci:ccb. 
A l l  De tec to r s :  I 
I 
FIGURE D-7 




+ Detec to r  Up 
Message 
- I 
, Yes I 
Vr i r e  - 1 
Detec to r  
Down 
Message 1 )  
L - - 
al lowable  number of minutes f o r  no response before  c o r r e c t i v e  
procedures a r e  i n i t i a t e d .  This same l o g i c  i s  used t o  check 
f o r  malfunction of ramp s i g n a l s .  
MLINE (Figure  D-8) i s  t h e  r o u t i n e  which performs a l l ,  
t h e  communication with  t h e  ope ra to r  once t h e  system i s  
ope ra t iona l .  I t  prompts t h e  w r i t i n g  of messages by t h e  
typewr i te r  and t h e  w r i t i n g  of d a t a  onto  t h e  d i s k ,  t h e  
tak ing  p lace  once each minute. 
Information des i r ed  on t h e  d i g i t a l  d i sp l ay  u n i t  is  cralled 
f o r  by t h e  use  of t h e  DROUT r o u t i n e  (Figure D-8). The type  
of information des i r ed  i s  s e l e c t e d  by manually opera t ing  t h e  
t h r e e ,  e igh t -pos i t i on  r o t a r y  switches on t h e  d i sp l ay  panel  
d i scussed  previously  i n  t h i s  appendix. 
The CKSYS and LEV'CK (Figure  D-9) r o u t i n e s  check f o r  
succes s fu l  completioln of a l l  scheduled tasks .  I f  a l l  t a sks  
were no t  completed, it i s  assumed t h a t  t h e  computer is  o u t  
of s e r v i c e  and an IBM system RELOAD ope ra t ion  is au tomat ica l ly  
forced.  The following two c r i t e r i a  a r e  used f o r  deternlining 
succes s fu l  completion of a l l  t a sks .  
1. A f l a g  i s  s e t  once a minute i n  one of t h e  
ske l e ton  r o u t i n e s  (TAC) which must be s e t  t o  zero 
i n  one of t h e  mainl ine  core  loads  (COMP). This 
i n d i c a t e s  tha, t  core  loads  a r e  being processed and 








F I G U R E  D-8  
OPERATOR COMMUNICATION R O U T I N E S  
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I Set Flag t o  Indicate That Low L evsl 
Interrupt Got 
ROUTINES TO CHECK FOR TASK COMPLETION 
(CKSTS AND LEVCK) 
2. Response must be  rece ived  from a  low-level i n t e r r u p t  
(LEVCK) which i n d i c a t e s  t h a t  a l l  h igh  l e v e l  i n t e r -  
r u p t s  have been processed.  
Sub-routines OCCOL and COLMT (F igures  D-10 and D - 1 1 )  
c o n t r o l  t h e  a c t u a l  d a t a  c o l l e c t i o n  and ramp metering.  OCCOL 
c o l l e c t s  occupancy informat ion  from a l l  freeway and queue 
d e t e c t o r s .  COLMT i s  c a l l e d  from OCCOL every 1 0 0  m i l l i s e c o n d s  
through a  CALL LEVEL (see Table D - 1 ) .  
COLMT c o l l e c t s  volume in fo rmat ion  from a11 t h e  d e t e c t o r s  
i n  t h e  c o r r i d o r  and performs t h e  ramp meter ing  o p e r a t i o n s .  
Two s u b r o u t i n e s  a r e  u t i l i z e d  by COLMT, one f o r  t h e  one-at-a- 
time metered ramps (MlATM) and one f o r  t h e  bulk  s e r v i c e  
ramps (MlSPC) . 
A f t e r  each metered ramp has  been processed ,  a  d i g i t a l  
word i s  set up and s e n t  t o  t h e  f i e l d .  This  word is  l o g i c a l l y  
combined w i t h  a word from t h e  power-on-and-off r o u t i n e  (see 
below) t o  i n s u r e  t h a t  s i g n a l s  a r e  n o t  turned on u n l e s s  
scheduled.  
The CLTAC and TAC r o u t i n e s  (F igure  D-12) c o n t r o l  t h e  
t r a n s f e r  of t h e  d a t a  from t h e  p rev ious  minute t o  a  s p e c i a l  
o u t p u t  t a b l e  which i n  t u r n  i s  t r a n s f e r r e d  t o  a  memory d i s k  
by MLINE. Data t r a n s f e r r e d  i n c l u d e s  volumes, occupancies ,  
meter ing  r a t e s ,  number o f  s i g n a l  changes, and d i g i t a l  o u t p u t  
s t a t e s .  I n  a d d i t i o n ,  CLTAC synchronizes  a l l  t ime dependent 
f u n c t i o n s .  
t - -
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DATA TRANSFER ROUTINES 
(CLTAC AND TAC) 
The POWON r o u t i n e  (F igure  D-13) i s  provided t o  se t  t h e  
mask t o  c o n t r o l  power t o  t h e  s i g n a l s  and in fo rmat ion  s i g n s  
i n  t h e  f i e l d .  I t  is  c a l l e d  from a  programmed timer a t  
v a r i a b l e  i n t e r v a l s .  The mask r o u t i n e  i s  used t o  perform a  
mask o p e r a t i o n  which p r e v e n t s  i n t e r r u p t  r e c o g n i t i o n  on t h e  
d e s i g n a t e d  Levels .  The s t a t u s  of l e v e l s  n o t  d e s i g n a t e d  i s  
unchanged. 
The r o u t i n e  e n t i t l e d  PUSHB (F igure  D - 1 4 )  a c c e p t s  r e q u e s t s  
t o  change mete r ing  r a t e s  and/or t y p e  of in fo rmat ion  being 
d i s p l a y e d  through t h e  d i g i t a l  d i s p l a y  u n i t .  I t  then  queues 
t h e  a p p r o p r i a t e  c o r e  l o a d s  f o r  f u r t h e r  a c t i o n .  
When t h e  CE i n t e r r u p t ,  an  IBM maintenance f e a t u r e ,  i s  
employed, t h e  programs a s s o c i a t e d  w i t h  it e x i s t  w i t h  a l l  
i n t e r r u p t  l e v e l s  masked. I n  o r d e r  t o  c o r r e c t  t h i s  c o n d i t i o n  
t h e  CEINT is  inc luded.  
The CEINT r o u t i n e  (F igure  D-15) i s  c a l l e d  from t h e  conso le  
i n t e r r u p t  r o u t i n e  CONIN.  The CE i n t e r r u p t  i s  used dur ing  
t h e  pause  i n  CEINT. 
F i g u r e s  D-16 and D-17, r e s p e c t i v e l y ,  p rov ide  t h e  l o g i c  
f o r  one-at-a-time and bu lk  meter ing .  
A l l  of t h e  f e a t u r e s  p r e s e n t e d  i n  t h i s  appendix form t h e  
t o t a l  r ea l - t ime  Freeway c o n t r o l  and s u r v e i l l a n c e  system. A s  
d e s c r i b e d ,  p a r t s  of t h e  o p e r a t i o n  can b e  performed manually 
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ROUTINE F.OR BULK METERING 
(TWOCY) 
and i n  f a c t ,  t h i s  c a p a b i l i t y  makes it poss ib l e  f o r  a most 
r e l i a b l e  back-up system i n  t h e  event  of computer malfunction. 
This manual back-up system, however, could never be operated 
so t h a t  it would f u l l y  and accu ra t e ly  r e f l e c t  t r u e  f i e l d  
condi t ions .  
APPENDIX E 
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APPENDIX E 
DRIVER OBSERVANCE STUDY 
This  appendix b r i e f l y  d i s c u s s e s  t h e  methods u t i l i z e d  
t o  c o l l e c t  d a t a  concerning d r i v e r  s i g h t i n g  and behavior  
toward t h e  19 new dynamic r o u t e  guidance s i g n s  i n s t a l l e d  
f o r  t h i s  r e s e a r c h  p r o j e c t .  The s t u d i e s  were performed i n  
two s e p a r a t e  s e r i e s ;  one l a t e  i n  1969 and t h e  o t h e r  e a r l y  
i n  1970. Both occurred  dur ing  t h e  w i n t e r  season.  
The f i r s t  series was conducted under t h e  d i r e c t i o n  of 
t h e  Human F a c t o r s  group of t h e  Highway S a f e t y  Research 
I n s t i t u t e .  I n  it, v o l u n t e e r  t e s t  s u b j e c t s  were rou ted  p a s t  
t h e  V a r i a b l e  Message Sign,  Ramp Informat ion  S igns ,  T r a i l -  
b l a z e r  S igns ,  and t h e  Chicago Boulevard Blank-out Sign.  A s  
t h e  s u b j e c t s  were r o u t e d  through t h e  t e s t  r o u t e ,  t h e  s tudy 
s u p e r v i s o r  recorded whether they  r e p o r t e d  s i g h t i n g  t h e  s i g n  
a s  w e l l  a s  r e c o r d i n g  t h e i r  behav io r .  The i n s t r u c t i o n  read  
t o  each s u b j e c t  i n d i v i d u a l l y  i s  shown as  Table E - 1  and t h e  
f i e l d  coding s h e e t  as  F igure  E-1 .  
I n  t h e  second s e r i e s  of observance t e s t s  ( s e e  Table E-2 
and F igure  E-2 f g r  i n s t r u c t i o n s  and f i e l d  s h e e t s )  a d d i t i o n a l  
s i g n s  were s t u d i e d .  This  s tudy  was conducted under t h e  super-  
v i s i o n  of  t h e  p r o j e c t  s t a f f  s i n c e  t h e  same procedures and 
format  were u t i l i z e d  a s  i n  t h e  f i r s t  s e r i e s .  The primary 
a d d i t i o n a l  s i g n  covered i n  t h i s  s tudy  was t h e  Davison Express- 
way Blank-out s i g n .  I n  a d d i t i o n ,  Ramp Informat ion  and. T r a i l -  
b l a z e r  s i g n s  and t h e  Chicago Boulevard Blank-out Signs  were 




( F i r s t  S e r i e s )  
The experiment you a r e  t a k i n g  p a r t  i n  today concerns 
your a b i l i t y  t o  r ead  and obey t r a f f i c  r e g u l a t i o n  and 
informat ion  s i g n s  under normal t r a f f i c  cond i t ions .  The 
s i g n s  w e  w i l l  be most concerned wi th  w i l l  be  t h o s e  which 
d i r e c t  you t o  t h e  John C. Lodge Freeway. When you s e e  such 
a  s i g n ,  I want you t o  t e l l  me and then  I want you t o  obey 
i t s  message. Most of t h e s e  s i g n s  look s i m i l a r  t o  t h i s .  
(Show p i c t u r e  of s i g n . )  A l i g h t e d  arrow on t h e  s i g n  informs 
you which way t o  go. I t  i s  your r e s p o n s i b i l i t y  t o  obey 
t h o s e  d i r e c t i o n s .  I n  a d d i t i o n ,  we w i l l  pass  a  l a r g e  i n f o r -  
mation s i g n  which may show any of s e v e r a l  messages concerning 
Freeway en t rance .  When you s e e  it ,  read t h e  l i g h t e d  message 
t o  me and obey it. I w i l l  a l s o  be g i v i n g  you some v e r b a l  
d i r e c t i o n s  a s  w e  d r i v e  which you a r e  expected t o  fo l low.  A t  
a l l  t imes,  d r i v e  w i t h i n  t h e  speed l i m i t  and o t h e r  t r a f f i c  
laws. 
Remember; t e l l  me when you s e e  a Freeway d i r e c t i o n a l  
s i g n  and obey i t s  message, r e a d  a loud t h e  l i g h t e d  p o r t i o n  
( i f  any) on Freeway informat ion  s i g n s  ( i f  you s e e  an un- 
l i g h t e d  informat ion  s i g n ,  t e l l  m e )  and obey i t s  message, 
follow my verbal  d i rec t ions ,  and obey t r a f f i c  laws. I 
w i l l  not  be able  t o  give you any other  information once 
we have s t a r t e d .  
Do you have any questions? 
O.K. ignore ccmnents I make over the  radio  a s  they 
a r e  immaterial t o  your task.  They w i l l  merely inform the  
Center of our locat ion.  
DRIVER OBSERVANCE STUDY FIELD SHEET 
(First Series) 
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FIGURE E - 1  
DRIVER OBSERVANCE STUDY F I E L D  SHEET 
( F I R S T  S E R I E S )  
TABLE E-2 
INSTRUCTIONS 
(Second S e r i e s )  
The experiment  you a r e  t a k i n g  p a r t  i n  today concerns 
your a b i l i t y  t o  r e a d  and obey t r a f f i c  r e g u l a t i o n  and 
i n f o r m a t i o n  s i g n s  under normal t r a f f i c  c o n d i t i o n s .  The 
s i g n s  w e  w i l l  b e  most concerned w i t h  w i l l  be  t h o s e  which 
d i r e c t  you t o  t h e  John C. Lodge Freeway ( n o r t h  o r  nor th-  
bound).  Some of  t h e s e  s i g n s  may be  i l l u m i n a t e d .  When you 
s e e  such a  s i g n ,  I want you t o  t e l l  me  and then  I want you 
t o  obey i t s  message. The message may d i r e c t  you t o  t a k e  a  
p a r t i c u l a r  s t reet  o r  streets t o  r e a c h  t h e  Freeway. If s o ,  
t r y  t o  f i n d  t h e  p a r t i c u l a r  s t r e e t  o r  s t r e e t s .  I w i l l  a l s o  
b e  g i v i n g  you some v e r b a l  d i r e c t i o n s  a s  w e  d r i v e  which you 
a r e  expected  t o  folllow. A t  a l l  t imes ,  d r i v e  w i t h i n  t h e  
speed l i m i t  and obey o t h e r  t r a f f i c  laws. 
I w i l l  n o t  be  a:ble t o  g i v e  you any o t h e r  in fo rmat ion  
once w e  have s t a r t e d .  Do you have any q u e s t i o n s ?  
DRIVER OBSERVAKCE STUDY FIELD SHEET 
(Second Series) 
Name Weather Traffic 
Date Time 









DRIVER OBSERVANCE STUDY F I E L D  SHEET 
(SECOND S E R I E S )  
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PUBLIC 1:NFORMATION ACTIVITIES 
One of t h e  most v i t a l  a s p e c t s  of a  p r o j e c t  aimed a t  
providing m o t o r i s t s  wi th  road c o n d i t i o n  and r o u t i n g  i n f o r -  
mation through innova t ive  s i g n i n g  techniques  i s  a s s u r i n g  
d r i v e r  unders tanding of  t h e  s i g n  messages conveyed. An 
i n t e n s i v e ,  area-wide campaign u t i l i z i n g  a l l  mediums of 
communication i s  e s s e n t i a l  i n  accomplishing t h i s  purpose. 
Appendix B of t h e  r e p o r t  on t h e  Ramp Informat ion  s i g n s  
i n s t a l l e d  i n  t h e  John C.  Lodge Freeway Corr idor  d e s c r i b e s  
a  r a t h e r  e x t e n s i v e  p u b l i c  r e l a t i o n s  a c t i v i t y  which produced 
l e s s  than  s a t i s f a c t o r y  r e s u l t s  ( 2 6 ) .  The campaign e f f o r t  
(Evaluat ion  of a  Dynamic Freeway Ramp Entry Guidance System) 
inc luded t h e  d i s t r i b u t i o n  of  an explanatory  l e a f l e t  a t  
Freeway e n t r a n c e  ramps, t h e  p r e p a r a t i o n  and d i ~ s e m i n a t ~ i o n  of  
a  p r e s s  r e l e a s e  t o  a l l  major t e l e v i s i o n  and r a d i o  networks 
and t o  t h e  two major d a i l y  and a l l  major weekly newspaper 
p u b l i c a t i o n s  i n  t h e  D e t r o i t  a r e a ,  a  p r e s s  conference which 
r e s u l t e d  i n  several .  newspaper a r t i c l e s  and t e l e v i s i o n  i n t e r -  
views and t h e  appearance of m a t e r i a l  on t h e  ramp cond i t ion  
in fo rmat ion  s i g n s  i n  o f f i c e  p u b l i c a t i o n s  i n  t h e  New Center 
a r e a ,  t h e  l a r g e s t  a r e a  of t r a f f i c  g e n e r a t i o n  f o r  t h e  Lodge 
Freeway Cor r idor .  
The combined e f f o r t s  of t h i s  campaign reached on ly  
approximately h a l f  of  t h e  Lodge Freeway u s e r s  a s  d e t e r -  
mined through a  s t u d y  conducted by a  r e t u r n  mai l  ques t ion-  
n a i r e  ( 2 6 ) .  While it was i n i t i a l l y  planned t o  c a r r y  o u t  
a  s i m i l a r ,  y e t  s l i g h t l y  l e s s  e x t e n s i v e  p u b l i c  r e l a t i o n s  
campaign f o r  t h e  dynamic r o u t i n g  s i g n s  r e p o r t e d  on i n  t h i s  
r e p o r t ,  t h e  q u e s t i o n n a i r e  r e s u l t s  prompted a  r e e v a l u a t i o n  
of  p l a n s .  A s  t h e  extended campaign necessa ry  t o  r each  more 
m o t o r i s t s  t h a n  had been reached through t h e  p rev ious  e f f o r t  
would have been t o o  c o s t l y ,  it was decided t o  l i m i t  e f f o r t s .  
This  was f e l t  t o  be  j u s t i f i e d  n o t  on ly  because of t h e  
monetary s a v i n g s  involved,  b u t  a l s o  because of  t h e  s imple r  
message conveyed by t h e  m a j o r i t y  of  t h e  Route Guidance 
S igns .  
Ear ly  i n  November dur ing  t h e  i n s t a l l a t i o n  of t h e  
dynamic message s i g n s ,  a n  i n f o r m a t i o n a l  r e p o r t  (F igure  F-1) 
was i s s u e d  t o  a l l  D e t r o i t  and suburban newspapers and t o  
r a d i o  and t e l e v i s i o n  s t a t i o n s .  During t h i s  same p e r i o d ,  
t h e  P r i n c i p a l  I n v e s t i g a t o r  p a r t i c i p a t e d  i n  a  Sunday morning 
" t a l k  show" sponsored by t h e  T r a f f i c  S a f e t y  A s s o c i a t i o n  of  
D e t r o i t .  The purpose of  t h e  program and o f  t h e  news 
adv i so ry  t o  l o c a l  media was t o  i n t r o d u c e  l i s t e n e r s  t o  t h e  
concept  of an a l t e r n a t e  r o u t e  and t o  inform them t h a t  a 
new series of s i g n s  would soon appear  on t h e  Northbound 
Lodge Freeway t o  h e l p  guide  them on t h e  a l t e r n a t e  r o u t e  
when t h e  Freeway was conges ted .  
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EDITORS: Prof. Donald Cleveland, d i r e c t o r  of the Lodge Freeway information.. 
s ign  p r o j e c t  f o r  U-M1s Highway Safe ty  Research I n s t i t u t e ,  w i l l  be ava i lab le  
f o r  interviews i n  Det ro i t  on Wednesday (Oct. 9 ) .  You may c a l l  him or 
research  engineer  Karl Kle i t sch  i n  Ann Arbor a t  763-1451 or  i n  Det ro i t  a t  
972-0750. 
ANN ARBOR---Eighteen new s igns  a r e  being i n s t a l l e d  i n  the D e t r o i t ' s  
John C. Lodge Freeway c o r r i d o r  t o  help northbound motoris ts  move f a s t e r .  
The work, being done by the Universi ty  of Michigan Highway Safe ty  
Research I n s t i t u t e ,  w i J . 1  a f f e c t  t r a f f i c  between the  New Center a r e a  and the 
Lodge-Wyoming interchange.  
Since e a r l y  l a s t  June e l e c t r m i c  signe have been guiding motor i s t s  o n t l  
the  Lodge or advising. them t o  avoid it. The s igns  g e t  the infsrmation from 
a computer, which i n s t c ~ n t l y  analyzes t r a f f i c  flow a s  measured by buried and 
overhead sensors .  
One of  the  new s i g n s ,  on westbound Grand Boulevard near Second Avenue, 
can d l sp loy  seven d i f f e r e n t  messages. Depending on t r a f f i c  flow, the s ign  
w i l l  advise which ramp provides quickest  access  t o  the freeway o r  which 
sur face  s t r e e t s  t o  use when the freeway i s  congested. 
A secnnd s i g n ,  a  ' b lank-out , "  i s  a t tached t o  the Hamilton Avenue bridge 
on the  westbound Davison expressway. !hen the Davison-Lodge ramp i s  
congested, the s i g n  advises  motor i s t s  t o  continue on Davieon t o  12th S t r e e t ,  
then go  north,  r a t h e r  than e n t e r  the freeway a t  Davison. By en te r ing  the 
freeway f a r t h e r  north,  the motoris t  i s  a b l e  t o  avoid wait ing i n  l i n e .  
The remaining 16 s igns ,  known a s  " t r a i l b l a z e r s , "  guide the motoris t  on 
sur face  s t r e e t s  through the c o r r i d o r  t o  the freeway. Depending on t r a f f i c .  
condi t ions ,  one of two arrows on the  s igns  i s  i l luminated t o  recommend the . 
quickes t  rou te  t o  the freeway. 
FIGURE F-1 
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In  add i t ion  t o  the new signe,  the number of  de tec tors  i n  the  freeway 
c o r r i d o r  has been increased.  Approximately 30 new de tec tors ,  located on the  
freeway and the e t r e e t s  which o f f e r  a l t e r n a t e  routes ,  w i l l  eupply the 
computer with information which i s  then passed on t o  motoris ts  by the new 
s igns .  
The e n t i r e  system of ramp information s igns ,  the new s igns ,  and 
d e t e c t o r s  w i l l  g ive the northbound motorist up-to-the-minute knowledge of 
the  cons tan t ly  changing t r a f f i c  condi t ions .  By following t h e  advice given 
by the  system, northbound motoris ts  w i l l  be able  t o  reach t h e i r  
dee t ina t ions  with minimum delay,  
Several  c i t y ,  s t a t e ,  and na t iona l  agencies a r e  a s s i e t i n g  the Highway 
Safe ty  Research I n s t i t u t e  w i t h  t h i s  p r o j e c t .  These agencies include the 
Det ro i t  Department of S t r e e t s  and T r a f f i c ,  the Det ro i t  Public Lighting 
Commiseion, the  City Of Highland "ark, the Wayne County Road Commission, 
and the  Michigan Department of S t a t e  Highways. The research i s  ,sponsored 
by the Highway Research Board of the National Academy of Sciences. 
# # # # # # # # #  
(HSRI, Cleveland) (Wayne, Oakland, Det ro i t  Radio & TV) 
FIGURE F-1 
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S t a f f  w r i t e r s  olf bo th  t h e  D e t r o i t  News  and Detroi t :  
F r e e  P r e s s  who had w r i t t e n  a r t i c l e s  on t h e  Ramp Informil t ion 
S igns ,  and who had responded t o  t h e  i n f o r m a t i o n a l  p r e s s  
r e l e a s e ,  were c o n t a c t e d  and were a g a i n  g iven  in fo rmat ion  
on t h e  s i g n s  when they became o p e r a t i o n a l .  The o p e r a t i o n  
of t h e  s i g n s  and t h e  review of  t h e  concept  o f  an  a l t e r n a t e  
r o u t e  j o i n i n g  t h e  Freeway downstream from t h e  major s i t e s  
of conges t ion  were t h e  main p o i n t s  of  emphasis (F igure  F - 2 ) .  
One i n i t i a l  a r t i c l e  announcing t h e  i n a u g u r a t i o n  of  usage 
of  t h e  new s i g n s  r e s u l t e d  from c o n t a c t s  w i t h  p r e s s  r ep re -  
s e n t a t i v e s .  This  a r t i c l e  appeared i n  t h e  D e t r o i t  F r e e  
P r e s s  abou t  one week a f t e r  t h e  s i g n s  became opera t ional .  
(F igure  F-3) .  S e v e r a l  days l a t e r ,  t h e  F r e e  Press c a r r i e d  
a  follow-up a r t i c l e  ( F i g u r e  F-4) which reviewed Lodge 
Freeway r e s e a r c h  a c t i v i t i e s  beginning w i t h  n a t i o n a l  Proving 
Ground r e s e a r c h  t.he mid-1950's and summing up w i t h  
fo rmat ion  o f  t h e  D e t x o i t  Freeway Opera t ions  Uni t  Technica l  
Advisory Committee ( 5 )  . 
A s  s t a t e d  above, i t  was i n i t i a l l y  planned t o  d e s i g n  
and p r i n t  an  exp lana to ry  l e a f l e t  on t h e  dynamic r o u t i n g  
s i g n s  s i m i l a r  t h a t  p repared  f o r  t h e  ramp c o n d i t i o n  
i n f o r m a t i o n  s i g n s  ( 2 6 ) .  The h igh  c o s t s  of  a r t  work and 
c o l o r  p r i n t i n g ,  however, prec luded t h e  p roduc t ion  o f  such 
a  l e a f  l e t .  I n  i t s  p l a c e ,  a more s imple ,  typed and hand- 
inked e x p l a n a t i o n  o f  t h e  s i g n s  was p repared  by p r o j e c t  s t a f f  
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A t t e n t i o n :  News E d i t o r  
Eighteen new dynamic t r a f f i c  s i g n s  have been i n s t a l l e d  and 
a r e  p r e s e n t l y  be ing  ope ra t ed  i n  t h e  John C. Lodge Freeway Cor r ido r  
by t h e  Highway S a f e t y  Research I n s t i t u t e  of  The Unive r s i ty  o f  
Michigan. The s i g n s  a r e  p a r t  o f  a con t inu ing  r e s e a r c h  p r o j e c t  
s tudy ing  t h e  e f f e c t i v e n e s s  o f  p rov id ing  m o t o r i s t s  w i th  in fo rma t ion  
on t r a f f i c  c o n d i t i o n s  i n  an a t t empt  t o  improve t r a f f i c  flow. The 
p r o j e c t  has  a l r e a d y  i n s t a l l e d  s e v e r a l  t r a f f i c  i nnova t ions  such a s  
t h e  ramp c o n d i t i o n  in fo rma t ion  s i g n s  o p e r a t i n g  a t  e i g h t  northbound 
e n t r a n c e  ramps. 
The new s i g n s ,  known a s  v a r i a b l e  message s i g n s ,  d i s p l a y  a 
recommended r o u t e  f o r  t r a f f i c  t o  fo l low through t h e  Freeway Cor r ido r .  
I f  fo l lowed,  m o t o r i s t s  will move through t h e  Cor r ido r  wi th  minimum 
d e l a y .  T r a f f i c  from t h e  New Cente r  Area no r th  and west  t o  Wyoming 
w i l l  be  a f f e c t e d .  
One s i g n  d i s p l a y s  a s  many a s  seven messages,  depending on t h e  
l e v e l  o f  conges t ion  on nearby ramps and t h e  Freeway. Another s i g n  
r o u t e s  d r i v e r s  away from t h e  Davison t o  Lodge on-ramp when Lodge 
t r a f f i c  i s  h e a v i l y  congested.  S i x t e e n  o t h e r  s i g n s  gu ide  m o t o r i s t s  
through t h e  Cor r ido r  a long t h e  b e s t  r o u t e  t o  t h e  Freeway i t s e l f .  
For f u r t h e r  in fo rma t ion  about  t h e  new s i g n s  and t h e  e n t i r e  
r e s e a r c h  p r o j e c t ,  D r .  Donald E .  Cleveland,  P r i n c i p a l  I n v e s t i g a t o r ,  
or D r .  R.  L. P r e t t y  of t h e  Highway S a f e t y  Research I n s t i t u t e ,  w i l l  
be p leased  t o  be a v a i l a b l e  f o r  i n t e r v i e w i n g .  Arrangements may a l s o  
b e  made t o  photograph t h e  s i g n s  i n  o p e r a t i o n .  
For in fo rma t ion  and appointments ,  p l e a s e  c o n t a c t  Dr. Cleveland 
o r  Mr. Kar l  K l e i t s c h  i n  Ann Arbor a t  313/763-1451 o r  a t  872-0750 
i n  D e t r o i t .  
FIGURE F-2 
DESCRIPTION OF DYNAMIC 
ROUTE GUIDANCE SIGNS 
ON GUARD FOR 140 YEARS 
December 2 ,  1969 
New Signs Tell Motorists 
Whetlher to Use Freeway 
J 
BT ROBERTA 3IACKEY 
Frec Press I l a l f  Wriler 
Eighteen new signs around 
the Lodge Freeway may  help 
northbound motorists g. e t 
there faster by going slower. 
The signs were installed a 
week ago in the northbound 
e o r  r i d o  r beginning rrt W. 
Grand Blvd. They are design- 
ed to tell motorists nn sur. 
face streets the bcst I.nute 
to the far end of the freeway 
during rush hour. 
IE tilere's x tJe.up on the 
freeway or one of its ap. 
proachea, armws will advis@ 
them to etay on Second, or 
Puritan, or Fenkell, u7hrre 
the speed lirnit is lower but 
traffic is moving. 
:&THY;: SIGN8 are parl: of an 
expcrimfr~t by the Highway 
Stifety Rcaearch Insttlute of 
the University of hli~:higan. Free Press Pholo 
ca-operating with the Detroit 




The goal is lo lierp traffic 
moving s~noothly by inakiili; 
the best use of all at1allabie 
mutes. 
Fllty detectors have been In. 
stalled at ltey poi~itv I? tlie 
area to monitor trdffic condl. 
t~ons 'and flash the wold to A 
computer ~nstolled In one of 
thc Hern~on K~efer lluspital 
buildings 
Tho comljulcr, the same onr 
%\liich rt111t1'016 the 8igt1s a t  
eipllt entrance rant[& will di?. 
rille tvltrthw Rirrown on the 
nebv Jgnn nhould direct the 
rnotorist left toward a ireoauy 
etllrarloe or straight nhead on 
a lebs congested street. 
Thc slpis are located on W. 
Grand Lilvd. near Cass, wilere 
a corlsiderable voluine of t~*af. 
lic heiids north and west to 
the freeway, and a t  "decision 
points" on Sccond, I-lamilton, 
the Indge Service Dr.. Puri- 
tan, 3IcNichuis and Fcnkell 
'nd on tile Davison Freeway 
a t  'the Lodge interchange. 
AI,L THE ZIO'I'OR.IS'I1 h a  
FIGURE F-3 
to do Is follow the signs, but 
that is not a s  simple as  it 
sounds. 
"It's harder to mdke the de- 
cision to follow the arrow 
than it is to follow the tried 
and true way," says Dr. Don. 
ald Cleveland, director of the 
project. 
, The signs, which operate be. 
tween 2::O a i d  6:30 p.m. an&. 
can change about every four 
muiutes, are l e s s  compiicsted 
than the ones installed k t  
splling at ramp entrances. 
PRESS ANNOUNCEMENT AND DESCRIPTION 
OF DYNAMIC ROUTE GUIDANCE SIGNS 
ON GUARD FOR 140 YEARS 
December 7 ,  1969 In 1087, meters that  flash 
red and green, to allow one 
driver a t  a t l ~ n e  to enter the 
freeway, wpre Installed an the 
ramp% and once wnle klnks 
were ironed out, lhpy wpre de. 
c l ~ r e d  R great srtccess, 
Photograph sf 
According to Dr. Robert I P r e t t y ,  s s m i a t t  reatarch 
ensneer  on the project, the I meters have contributed mora 
too m'any cars  trying to enter 
at once, the meters h a  v e 
s p e ~ d e d  up -traffic and cut 
down on accidents. 
- - 
Rush Hour Traffic Jam 
IH JUNE, b S  a s tab at  cur. 
ing the r a rn p congestion 
cause by the meters, elght 
mapliite signs were erected 
at  the top of the ramps. A 
The Lodgc...~ llati0nal ])roving ground complicated r ws indicates arrangement whether of the ar. 
thau anything else tu a smooth 
flow of traffic. 
By c u t t i n g  out the smp- 
atart Dattern that results from 
motonst would be better off 
b enter the c i f f i e~ t  ramp or Lodge Freeway a Guinea Pig p r ~ ~ ~ ~ l ~ ~ ~ ? ~ ~ ~ ~ w  ing to ~va iua te  their eftect~ve. t
nem The results of a ques- 
li3nne:rc pis-td o-t t!, drir.ers For Traffic Exgeritllell is 
on lnio the n computer, mmw nnd the re- 
nction should be avallabie 
BY ROBERTA MACKEY ' 
.... :. Free Prcu Slaft Wriler 
When traffic engineers speak 
of tho John Iadpe freeway aa 
the "national provitig jiround" 
they are not inviting you to 
test the top speed on your 
Corvette. 
They a re  testin: u7.iys of 
keeping trafflr: moving at  rea. 
ronable specds and motorists' 
reactlon to various traffic con. 
twI devices. 
They've been a l  it for y e a n .  
Northbound drivers have en- 
dured the appcqrance and dis. 
appearance 01 apsorteri ur. 
rows, flashing lights Rnd 0th. 
t r  advisories. 
Just last weck 18 new siqns 
r p p e ~ r c d  on six streets that 
parallel t h e frer,ia\r. Thcy 
advise ~~orthbound motorists 
whether to head for a nearby 
. r a m p  o r  continue on t!ie sur. 
face '  street. 
Tim new signs were installed 
an part of the espcrimenial 
'program being cond~~c tcd  by . the Ilniverslty of hIlchi;?n 
Highway Rescnrch Cclrter in 
co-operation with local, coun. 
ty m d  state highwry d e p o n  
mtnta. 
TIlE ESPE:I:I\II:STIXC~ be- 
gan in 1955 uelil'n tiit Pity of 
Detmlt installed tr!e\'iaion 
osmeran on two overpasses. 
City off icl~ls  gathered in the 
Veterans AIemorial to watch 
their private road show and 
dociared it a hlt. 
Thcy learned n lot of useful 
incta a b u t  tht  flow of free. 
WRY traific, and the two cam. 
eras  were the forerunner of 
the first fuli.blo\$n pmjert. 
In  1980, 1 4  cameras uTct.e 
lnst~l led in the 8.?.1nile stretch 
of freeway betwren W. Grand 
Blvd. and Davison, T h e y  
proved t h ~ t  an ~ lec t ro r~ lc  eye 
in invalilable in spottlnp trou. 
ble .und In helpin: to cleer ab- 
s t i i ' r ,?~ out of die way as 
guiclOy as possilile. 
\Vitllin n rnlll~in lllnre yclrq, 
n l ~ n a  u ~ r n  in~tnlled o1vr each 
Iallr. 11s11lc infnrnlatinn fro131 
t h ~  Irlri.iiinn to  fndilxtfi b y  n 
rrrpr! arrnw or  ;t ~ r i l  S ~ i i ~ I l 1 .  
er tile larle 11.n~ rlritr at~end. 
>, ,o. +. #r.:n.q . g~*adualiy learned 
tn briieve t i l e  ~ i g n s .  and ex. 
rep! for a ft.iv incurhblhs &cy 
gnt In the hasit of chan:~ng 
a n r n t h ! ~  to aiiothrr lane when 
thrirr was blocked. 
IIavit~g solved tiiclr experl- 
mental p u r p c ,  thr  lane slgtin 
were evrntu:~llg takcn out nf 
scrvice, r s c ~ p l .  far  r:,re oc. 
c n s l o ~ s  \nilen uSnr.limen nre a t  
work on the fre~~r 'ny.  
nIP; nEl l  A S U  grwn I d n e  
lndica:ol.s were soon joined 
FIGURE F-4 
by the not.so~uccessful flash. 
ers which indicated an accept. 
~ h l e  a p e e d limit. Motorists 
crawling along at 10 miles an 
hour behind an accident were 
eiliier enraged or  fruairsted 
by the news that they couid 
be going 40 miles on hour. 
Thcy never grit the signs' 
real message: Tha.t tlie road 
 head wou!d soon be cie?r. 
end th&p might then be able 
to go US f ~ ~ t  a5 40. 
Tiicre wax a!so a u n l e  lag 
helween tlr? acltial s~tuatlnn 
and the change in the speed 
SIP, and there waa danger 
of drivers movi~ifi too fast for 
the current traffic condition. 
Next, the research team 
turned their aliention lo tile 
entry rarnps Blg algns that 
flashed the warning "don't 
enler" .were Installed a t  nine 
ramps. They wrre cnntrolled 
by fl SgStCnl of electinnic con. 
sors, connected to a romputer. 
l'hey were us e d maliily 
when tralllc was conpealed. 
The expcr!mentera tried for a 
while tiping the 5 i q s  to warn 
of rllrre co~igestfon, but out. 
raged drlvers complainrd tiilt 
Ih~.y wrre being denicd the 
uae Of the Irenwnyr their tax 
money hati p .~ ld  for. '??ley ig. 
nored the signs. 
soon. 
The laf ts t  effort 1s directed 
a t  motoristu on Second. Ham. 
llton, the I ~ o d ~ e  n. :ce 'Drlve,  
Fenkell. Puritan and lifcNich- 
01s. It is a simple combina. 
tlon ol arrows, one pointing 
to the freewey, which is'turn. 
ed on it t h ~  freeway approach 
1s cIF8r. Another arrow point. 
lng straight ahend flashes I! 
the frecuay route is clogged. 
Ligl~tR II IVP bw11 synchron. 
lzed an  tho parullel street8 to 
heap t r s f i l c maring nr 
~niootl i l ,~ n.q pohfiihle, and the 
roseilrch toillu Icela t i ~ a t  n ~ o .  
foristr \biio elect to alay ofl 
the freesoy may m a k ~  better 
lime on ahort trips. 
Because tlie whole effort ia 
txperimenlai, iinancrd large. 
,ly by a brancli of the Xational 
Insi,!ille of Science, the deci. 
#:on shout extending the use 
of .any or the devices rests 
\ifit!! l o ~ n l  m~lharilier 
The te1ei.ision camc:,%a will 
be tni!cn oiit of Rcrvlre this 
n~ontii. They have rrcl<ved their 
ruperi~rir~rt:ll p u r p o s r .  and 
tiicy arc warin:' all!. 
Slcnnr*l~~le. state and local 
ui~llio~itles have formed the 
Dc t~o i t  F'rrr\r.ay Oiirrationa 
G>~rin~it teo ~ I I  pi:ln how to  
ithe informalion gained lo 116s 
througliout the freeway nJs. 
. t c n ~ .  
NEWSPAPER ARTICLE REVIEWING HISTORY 
OF LODGE FREEWAY RESEARCH 
members (F igure  F-5) .  This  " l e a f l e t "  was provided t o  
i n d i v i d u a l s  who i n q u i r e d  about  o r  commented on t h e  r o u t e  
guidance s i g n s .  
Addi t iona l  p u b 1 . i ~  exposure was r e c e i v e d  f o r  t h e  pro- 
j e c t  a t  t h e  t ime of t h e  d e d i c a t i o n  of  The Univers i ty  of 
Michigan's  Highway S a f e t y  Research I n s t i t u t e  b u i l d i n g  which,  
among many o t h e r  thi12gs,  housed t h e  p r o j e c t  a d m i n i s t r a t i v e  
o f f i c e s .  A t  t h i s  time, The U n i v e r s i t y  o f  Michigan News 
S e r v i c e  i s s u e d  p r e s s  r e l e a s e s  on t h e  v a r i o u s  a c t i v i t i e s  o f  
t h e  I n s t i t u t e  (F igure  F-6) .  One such r e l e a s e  d e a l t  w i t h  
t h e  Lodge Freeway P r o j e c t  and was c a r r i e d  i n  many l o c a l  
Ann Arbor and D e t r o i t  a r e a  papers .  While t h e  r e l e a s e  and 
subsequent  a r t i c l e s  d i d  n o t  d e a l  s p e c i f i c a l l y  w i t h  t h e  
dynamic t r a i l b l a z e r  s i g n s ,  it d i d  review t h e  b a s i c  i d e a  
behind t h e  r e s e a r c h  and a l l  t h e  s i g n s  which were i n s t a l l e d  
i n  t h e  Lodge C o r r i d o r .  I t  i s  b e l i e v e d  t h a t  t h i s  type  of  
exposure,  reminding t h e  p u b l i c  t h a t  work i s  going on t o  t r y  
t o  a l l e v i a t e  t h e  f r u s t r a t i n g  dilemma of  peak p e r i o d  t r a f f i c  
problems i s  a s  v a l u a b l e  a s  a  s p e c i f i c  p r e s s  r e l e a s e  i n  t h a t  
i t  s e r v e s  a s  a  c o n s t a n t  reminder making people  more con- 
s c i o u s  and h o p e f u l l y  more w i l l i n g  t o  obey t h e  exper imenta l  
s i g n  ,, 
Eighteen new signs have just been installed in the John C. 
Lodge Freeway Corridor. The signs opcrate during the 2:30 to 
6:30 p.m. peak traffic period. The purpose of these signs is 
to tell you the best route to follow through the northbound 
freeway Corridor to reach your destination with minimum delay. 
The new signs are part of a continuing system of innovations 
in Freeway Corridor travel installed by the Highway Safety 
Research Institute of The University of Michigan. Already in 
operation are traffic signals to aid in entering the ramps, 
driver information signs located at Freeway entrance ramps, 
electronic detectors which measure the number of cars at 
various locations, and a computer to calculate the best 
information to be given to the motorist. 
The signs are used to direct motorists to one of several 
alternate northbound routes. These routes follow streets running 
close to the Freeway which can accomodate many more cars than 
they do at present. These streets provide quick travel througll 
the Freeway Corridor, often in less time than on the Frecway 
when it or the entrance ramps are heavily congested. There are 
many routing patterns which you can follow to travel north 
' 
through the Freeway Corridor and the dynamic sign system tells 
you which route will require the shortest travel time. 
Several city, state, and national agencies are cooperating 
with the Iiighway Safety Research Institute in finding ways of 
improving Freeway travel conditions. These agencies include the 
Highway Research Board of the National Academy of Sciences, the 
City of Detroit Department of Streets and Traffic and Public 
FIGURE F-5 
EXPLANATORY LEAFLET 
Light ing  Commissior~, the  Michigan Department of S t a t e  Highways, 
t h e  Wayne County Road Coinmission, and t h e  C i t y  of Highland Park. 
The l a r g e s t  arid most complex of t h e  new s i g n s  (Example 1 )  
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EXAMPLE 1 
is l o c a t e d  on westbound West Grand Boulevard between Cass and 
Second Avenues. This  s ign ,  capable of d i sp lay ing  seven d i f f e r e n t  
m s s a g e s ,  t e l l s  you t h e  b e s t  ramp a t  which t o  e n t e r  t h e  Lodgo 
&srway and t h e  b e s t  r o u t e  t o  fol low t o  a r r i v e  a t  t h a t  ramp. 
If ~e xamp a t  West Grand Boulevard i s  uncongested and t h e  
Fraeway is flowing well  a t  t h i s  p o i n t ,  two l a r g e  green arrows, 
bulicating a through and r i g h t  t u r n  movement, w i l l  be dllumlnated. 
FIGURE F-5 
(CONTINUED) 
In addition, two short bars at the right side of each arrow will 
be illuminated in green. These bars represent Second and Third 
Avenues respectively. You are being advised to go past these 
streets (which are the next two you approach) to make a right turn 
at the third intersection (the Lodge Service Drive). You can then 
enter the Freeway by the West Grand Boulevard ramp. 
If there is heavy congestion on this. ramp, you may be advised 
to proceed as before to the Service Drive (bypassing Second and 
Third Avenues as again indicated by short green bars) and then 
move north on the Service Drive to a specific ramp (Seward or 
beyond), the best point for entering the Freeway. This information 
is provided by a red neon message. One large green arrow with 
the short bars is illuminated to indicate a right turn at the 
Service Drive. 
If there is heavy congestion at the Boulevard and other ramps 
or on the Southern end of the Freeway, you will be advised to use 
Second Avenue. Second Avenue has greater capacity than the 
Service Drive and leads to a network of streets (alternate routes) 
which direct you to the Freeway or through the Corridor with 
minimum delay. The sign reads "DELAY AHEAD. USE SECOND AND....", 
informing you of an uncongestsd nearby ramp or a recommended 
street to follow. This message is displayed in red neon,lettering, 
and a large green right-turn arrow is illuminated to indicate 
a right turn at Second, the next intersection. 
This sign gives you, the driver, more information than you 
really need at this point. It starts you on the route which will 
lead you to the Freeway at Meyers and beyond in the shortest time. 
A11 along your suggested route, you will encounter additional 
dynamic signs which are constantly up-dated by the computer which 
is receiving informatzon from over fifty traffic speed and flow 
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d e t e c t o r s  loca ted  throughout t h e  Corr idor .  The most r e c e n t l y  seen 
s i g n  g ives  you t h e  b e s t  poss ib le  r o u t e  a t  t h e  moment you pass  it. 
Natura l ly ,  when t h e  Freeway is flowing f r e e l y ,  you a r e  d i r e c t e d  t o  
e n t e r  a t  t h e  f i r s t  uncongested ramp regard less  of your approach t o  
t h e  s tudy a rea .  I f ,  however, por t ions  of t h e  Freeway o r  en t rance  
ramps a r e  badly congested, you a r e  t o l d  t h e  b e s t  s t r e e t s  t o  use 
t o  reach a ramp located f a r t h e r  nor th .  Sixteen s i g n s  (Example 2 )  
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FIGURE F-5 
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located at decision points through-out the Corridor and eight 
signs located near entrance ramps provide up-to-the-minute 
directions to supplement the information given by the West Grand 
Boulevard sign. Painted signs confirm that you are on one 
of the approach routes which is being monitored. 
To solve the serious traffic congestion at the Lodge 
Freeway and the Davison Expressway, a sign (Example 3) 
[ LOPGE FREEWAY NOBTH I f  
EXAMPLE 3 
facing westbound Davison traffic helps you to minimize delays 
at this point. When the Davlson ramp to the Louge Freeway is 
congested, you are advised to continue on the Expressway to 
Twelfth Street. Here you are immediately given further 
information by the sign system regarding the best ramp to use 
for entering the Freeway. 
FIGURE F-5 
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;. . . FROM THE UNIVERSITY OF MICHIGAN 
NEWS SERVICE, 6 O l i  ADMINISTRATlON RUXIDING ANY AWIOR, MfCllIGhN 48104 
October 2, 1969 i 5 )  
Contact: B i l l  Hampton 
Phone: 764-7260 
FOR IWDIATE R E U E  
DETROIT--If .five o ' c lock  t r a f f i c  ever  trapped you on the expressway, 
o r  i f  you ever  f e ' l t  you were taking your l i f e  i n  your hands t r y i n g  t o  
g e t  across  a crowded c i t y  s t r e e t ,  you've probably asked yourse l f  whether 
t he re  i s n ' t  a b e t t e r  way of doing th ings .  
Researchers from the U n i v e r ~ i t y  of Michigan's Highway Safety 
Research I n s t i t u t ~ ?  (HSRI) i n  Ann Arbor t h ink  the re  i s  a b e t t e r  way. They 
a r e  now working 011 two p ro j ec t s  i n  D e t r o i t  designed t o  make l i f e  e a s i e r  
f o r  freeway d r ive r s  and f o r  c i t y  pedes t r i ans .  
The HSRI t r a f f i c  engineering team i s  l ed  by Prof.  Donald E. Cleveland 
of t he  U-Mfs c i v i l  engineering department. One of h i s  p ro j ec t s  involves 
t e s t i n g  t r a f f i c  information and con t ro l  devices  on and around Detroit's 
John C. Lodge Fre~eway. A second p r o j e c t  t e s t s  devices  t o  con t ro l  pedes- 
t r i a n  t r a f f i c  and t o  l e t  motor is ts  know where t o  look f o r  them. The 
freeway p r o j e c t  uses a number of neon "var iable  information s igns"  which 
t e l l  d r ive r s  how t o  g e t  t o  the Lodge Freeway by the  quickes t  route,  and 
advises  then whicl? ent rance  ramgE a r e  l e a s t  congested. 
What the  s igns  say i s  governed by a computer on the  grounds of 
Herman Keifer  Hospi ta l  near  the freeway. The computer makes i t s  decis ions  
based on data  coming i n  from a network of more than 50 v e h i c l e - c ~ u n t i n g  
and speed-measuring sensors  located  on the  Lodge Freeway i t s e l f  and on 
adjacent  routes  i n  the  system. 
The f i r s t  va r i ab l e  information s igns  were i n s t a l l e d  a t  the approaches 
t o  e i g h t  northboulld Lodge Freeway ent rance  ramps one year  ago. This 
month (September 1,969), t h e  HSRI r e sea rche r s  a r e  i n s t a l l i n g  18 more s igns  
i n  the  a r e a .  
S ix teen of these new " t r a i l b l a z e r "  s igns ,  inc luding m e  capable of 
d i sp l ay ing  any of s&en messages, w i l l  t e l l  mo to r i s t s  the  e a s i e e t  way t o  
g e t  t o  the Lodge expressway from o t h e r   freeway^ and thorofarcs .  When thp 
new s igns  a r c  i n  opera t ion  i n  ea r ly  October t h e y ' l l  be able  t o  d i r e c t  
mo to r i s t s  up t o  s i x  mi les  aLong l e s s  busy through s t r e e t s  t o  avoid jammed 
ent rance  ramps and crowded freeway cond i t i ons .  
The cu r r en t  work i s  s p o n ~ o r e d  by the  Highway Researcn Board of the 
National Academy of Scienccs and by s t a t e  and l o c a l  highway agencies. 
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APPENDIX G 
DATA FROM TRAFFIC ROUTING STUDY AT TEN 
DYNAMIC ROUTING INFORMATION SIGNS 

TABLE G - 1  
OBSERVATION O F  TRAFFIC ROUTING AT S I G N  1: 
WEST GRAND BOULEVARD (WGB) AT SECOND* 
*Note: T h i s  o b s e r v a t i o n  was p a r t  o f  a l i c e n s e  p l a t e  
s t u d y ,  w i t h  t h e  messages i n d i c a t e d  as fo l lows :  
3:00 - 3:15 p.m. (WGB) 
3:15 - 3:30 p.m. USE SERVICE DRIVE AND SEWARD RAMP (WGB) 
3:30 - 3:45 p.m. DELAY AHEAD USE SECOND AND SEWARD (Second) 
3:45 - 4:OO p.m. ( WGB ) 
4:00 - 4:15 p.1~1. USE SERVICE DRIVE AND SEWARD (WGB) 
4:15 - 4:30 p.m. DELAY AHEAD USE SECOND AND SEWARD (Second) 
The s t u d i  was completed ' i n  one day. 
TABLE G-2 
OBSERVATION OF TRAFFIC ROUTING AT SIGN 3: 
SECOND AT SEWARD 
TABLE G-3 
OBSERVATION OF' TRAFFIC ROUTING AT SIGN 4: 
SEWARD AT SECOND 
S t a t i s  t i c a l  
Users S i g n i f i c a n c e  
p.m. T o t a l  
4:OO- Seward 9 3 2 4 117 
4:30 Second 9 2 2 3  115 
p.m. T o t a l  185 4 7 232 
" --I 
4 : 30- Seward, 1 1 2  4 5 157 N.S. 
5:OO Second 111 4 4 155 , 
p.m. ' T o t a l  223 8  9 312 -- 
5:OO- Seward 1 4  9 5  3 202 N.S. 
5:30 Second 109  5 5  164 
p .ma T o t a l  258 10 8 366 
1 4  4 589 
Second 15  2 556 
1145 
TABLE G-4 
OBSERVATION OF TRAFFIC ROUTING AT SIGN 6: 





4 : O O  
p.m. 
Sign 
Ind i ca t ion  
Chicago 
Second 
Tota l  








Tota l  
Chicago 
Second 
Tota l  
Tota l  
Users 
6 1 9  
6  13 
1232 
Chicago 
8  6 
7 2  
15 8  
S t a t i s t i c a l  






181 1 2 2 9  



















OBSERVATION OF TRAFFIC ROUTING AT SIGN 7: 
HAMILTON AT CHICAGO 
3:QO- 1 Chicago 1 1 $3; 1 ;;; 1 N . S .  
3: 30 Hamilton 




Tota l  
Users 
S t a t i s  t i c a l  
S igni f icance  
TABLE G-6 
OBSERVATION OF T ~ F F I C  ROUTING AT SIGN 8: 








I n d i c a t i o n  
Chicago 
Hamil ton  
T o t a l  
Route Used 
Chicago / Hamilton 
c I
I 
220 j 21 
310 E 27 
530 48 
1 





S t a t i s t i c a l  





OBSERVATION OF TRAFFIC ROUTING AT SIGN 12: 
WOODROW WILSON AT WEBB 
Route Used 
S t a t i s t i c a l  
Users Sign i f i cance  - 
3 : 30- Webb N.S. 
4: 00 W .  Wilson 
p.m. Tota l  4 6 1 4 4  190 :;::-I Webb, 1 7 9 9 5 N,S. 
W. Wllson 20 9 2 112 
p.m. Tota l  3 6 1 7 1  207 
5:OO- 1 Webb 1 ;: 1 1;; 1 ;;; 1 N.S. 
5: 30 W. Wilson 
p,m. Tota l  2 2 2  256 
- 1 Webb 20 
W.  Wllson 19 
p,m. Tota l  39 
Over- Webb N.S. 
all W. Wilson 









OBSERVATION OF TRAFFIC ROUTING AT S I G N  13: 
WEBB AT' WOODROW WILSON 
TABLE G-9 
OBSERVATION OF TRAFFIC ROUTING AT SIGN 14: 
HAMILTON AT DAVISON SERVICE DRIVE 
S t a t i s  tical 
TABLE G-10 
OBSERVATION OF TRAFFIC ROUTING AT SIGN 15: 
DAVISON SERVICE DRIVE AT HAMILTON 





































"Excerpts  From" 
NATIONAL COOPEMTIVE HIGHWAY RESEARCH PROGRAM 
Highway Research Board 
Na t iona l  Academy of  Sciences-Nat ional  Research Council  
P r o j e c t  S ta tement  - 
Research P r o j e c t  T i t l e :  -
Optimizing Freeway Cor r idor  Opera t ions  Through T r a f f i c  
S u r v e i l l a n c e ,  Communication, and Contro l  
General  Problem Area: 
S p e c i a l  P r o j e c t s  
Research Problem Statement:  
To meet p r e s e n t  and f u t u r e  t r a f f i c  demands, t h e  combined 
freeway and s u r f a c e  s t reet  system must o p e r a t e  more e f f i -  
c i e n t l y .  Freeways through h e a v i l y  developed a r e a s  have 
l i m i t e d  right-of-way which p r e v e n t s ,  on a n  economic b a s i s ,  
t h e i r  r e c o n s t r u c t i o n  f o r  i n c r e a s e d  c a p a c i t y .  P r a c t i c a l .  
measures f o r  i n c r e a s i n g  o p e r a t i o n a l  e f f i c i e n c y  of  t h e s e  f a c i l i -  
t ies  through h e a v i l y  t r a v e l e d  c o r r i d o r s  should  be  devel.oped 
by j u d i c i o u s  a p p l i c a t i o n  of  t r a f f i c  s u r v e i l l a n c e ,  communication, 
and c o n t r o l .  
Urban freeways comprise a  major p o r t i o n  of t h e  t r a ~ f f i c -  
c a r r y i n g  c a p a c i t y  of  t h e  t o t a l  v e h i c u l a r  r o u t e  system i n  
American c i t i e s .  I t  i s  b e l i e v e d  t h a t  s u r v e i l l a n c e ,  colrununication, 
and c o n t r o l  of t r a f f i c  on freeways a s  w e l l  a s  on t h e  supple-  
mental  s t r e e t  systems can be improved, r e s u l t i n g  i n  b e t t e r  
s e r v i c e  t o  t h e  motoring p u b l i c  a s  a  whole. 
I t  i s  d e s i r e d  t o  apply t h e  b e s t  t r a f f i c  s u r v e i l l a n c e ,  
communication, and c o n t r o l  techniques  i n  a  t y p i c a l  urban 
freeway c o r r i d o r  and t o  s tudy  t h e  r e s u l t s .  Innovat ions  t h a t  
may be  expected t o  enhance t h e  o p e r a t i o n a l  e f f i c i e n c y  should 
be explored .  
The Na t iona l  Proving Ground f o r  Freeway S u r v e i l l a n c e  
Cont ro l  and E l e c t r o n i c  T r a f f i c  Aids l o c a t e d  on t h e  John C. 
Lodge Freeway i n  D e t r o i t  has  been e x t e n s i v e l y  equipped f o r  
freeway s u r v e i l l a n c e ,  and t h i s  freeway and t h e  a d j a c e n t  
c o r r i d o r  i s  des igna ted  a s  t h e  s tudy  s i t e  t o  develop and 
e v a l u a t e  improved s u r v e i l l a n c e ,  communication, and c o n t r o l  
t echn iques .  
O b j e c t i v e s  : 
1. Determine method(s)  f o r  i n c r e a s i n g  t h e  e f f e c t i v e -  
n e s s  of t h e  system which invo lves  t h e  freeway and t h e  
a d j a c e n t  s u r f a c e  s t r e e t  network w i t h i n  t h e  c o r r i d o r ,  Evaluate  
t h e  methods on t h e  s tudy  s i t e  wi th  o r  w i t h o u t  t h e  use of 
a d d i t i o n a l  hardware. 
2 .  Recommend equipment c o n f i g u r a t i o n s  ( t h a t  i s ,  type  
and l o c a t i o n )  f o r  t h e  improved system which w i l l  r e p r e s e n t  
t h e  optimum ba lance  i n  c o s t - e f f e c t i v e n e s s .  


